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ABSTRACT 
Purpose – Electron microscopy is a versatile and widely used technique in the fields 
of physical and biological sciences. It is a strategic enabling resource needed for 
innovative science and technology research to occur in the areas of nanotechnology 
developments. The availability of these resources worldwide are typically seen within 
dedicated shared electron microscopy research facilities due to the costs and 
operational support required in acquisition and operation of these instruments. A 
consequence of this is that these facilities require carefully designed operational 
management approaches. One of the pertinent questions within the electron 
microscopy community of South Africa is if electron microscopy core facilities in the 
country could be judged successful in the execution of their operations. Some 
concerns related to the skills present at these facilities as well as the management 
philosophy of these facilities have been raised. This study aims to investigate these 
factors within an South African context.  
 
Design/Methodology/Approach – In the current study, a combination of the 
quantitative and qualitative research paradigms was used. A survey was conducted 
amongst South African electron microscopy core facility users to measure their level 
of satisfaction and needs related to electron microscopy core facilities in South Africa. 
Furthermore, insights where gathered from experienced managers of electron 
microscopy core facilities nationally and internationally using a case study based 
approach. The findings were combined and compared to identify the critical factors 
needed to optimise the operational approaches of electron microscopy facilities in 
South Africa and to develop a standardised approach in judging a facility’s 
performance. 
 
Practical implications – The study provided valuable insights as to the level of 
satisfaction present within the electron microscopy community of South Africa related 
to the use of electron microscopy core facilities in the country. It also yielded important 
information regarding the areas where the highest need for improvement lies. The 
outcome of the study provides a standardized approach to the operations of electron 
microscopy research facilities in South Africa and their performance evaluation. 
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A limitation to the study – A possible limitation to the study is the population sample 
used for the survey. The survey was completed by existing electron microscopy core 
facility users in South Africa. However, the experiences and needs of less frequent or 
potential new users of such facilities were not probed. Thus, the developed strategy 
may lack factors related to growing the field in South Africa if the needs of 
inexperienced users are not taken into account. 
 
Research Type – Survey and Case Study 
 
Keywords – Electron microscopy, operations strategy, performance management, 
South Africa, core facility 
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CHAPTER 1 
INTRODUCTION TO THE STUDY 
1.1 INTRODUCTION 
Electron microscopy is a versatile and widely used technique in the fields of physical 
and biological sciences. It is a strategic enabling resource needed for innovative 
science and technology research to occur in the areas of nanotechnology 
developments. Rapid advances in the field of electron microscopy have brought about 
a range of highly sophisticated, and typically expensive, research instruments and 
techniques that require the use of specialist scientists to allow for optimal utilization. 
The availability of these resources worldwide are typically seen within dedicated 
shared electron microscopy research facilities due to the costs and operational support 
required in acquisition and operation of these instruments. A consequence of this is 
that the management approach employed within such facilities are carefully designed 
around the objectives of the facilities as well as the environment in which it resides.  
In September 2011 the Centre for High-Resolution Transmission Electron Microscopy 
(CHRTEM) was officially opened at the Nelson Mandela metropolitan university in Port 
Elizabeth, South Africa. The acquisition and placement of sophisticated electron 
microscopy instruments at NMMU was the result of a national consultative process, 
spanning several years, involving several key stakeholders within government and the 
wider research community identifying atomic resolution transmission electron 
microscopy as a critical lacking resource within the country that needed to be 
addressed. 
The acquisition of the instruments and construction of a purpose built environment to 
house these was a first in South Africa and it signified an intent from the department 
of science and technology (DST) and national research foundation (NRF) of South 
Africa to dramatically uplift the research infrastructure in the field of electron 
microscopy within the country. South Africa had several other operating facilities in the 
fields of electron microscopy active in the country at that time, however CHRTEM was 
unique in that it was the first strategic government investment of its size in electron 
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microscopy within the country. It represented the pinnacle of investment in electron 
microscopy in South Africa. 
In many ways, the establishment of an advanced electron microscopy facility such as 
CHRTEM in an African context constituted unchartered territory. The operations 
management strategy employed at CHRTEM was initially adapted from that of similar 
facilities present within Asia, Europe and the USA taking into account potential factors 
unique to the South African context. However after 5 years of operation the 
management strategy of CHRTEM has evolved to be uniquely South African. A recent 
independent review of CHRTEM activities after 5 years of operation saw 
overwhelmingly positive feedback from national and international sources regarding 
the impact on science in South Africa by CHRTEM (CHRTEM, Response to Mid-term 
Evaluation Report). This seemingly indicated a success of the operation management 
approach of CHRTEM. 
 
One of the pertinent questions within the electron microscopy community of South 
Africa is if other electron microscopy core facilities (EMCFs) in the country could be 
judged successful in the execution of their mandate. Questions related to the human 
resource and operational management EMCFs in South Africa have been raised 
(South African JEOL TEM User’s group meeting, 3-4 December 2016, Port Elizabeth, 
South Africa). The concerns mainly focused on the lack of appropriate utilization of 
research infrastructure placed at EMCFs. Some concerns related to the skills present 
at these facilities as well as the management philosophy of these have also been 
raised.  
 
CHRTEM operates with significant external oversight which is not typically the case 
seen for other electron microscopy facilities in South Africa.  In order to assess the 
relative success of an EMCF in South Africa clarity should be gained as to what 
determines the operations of an EMCF in South Africa to be successful. The present 
study aims to investigate these. In line with this the following research questions are 
posed.  
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The primary research question for the study is: 
- What are the critical factors that lead to the successful operation of an electron 
microscopy core facility in South Africa? 
The secondary question derived from the primary question is: 
- How should the success of a South African electron microscopy core facility be 
measured or determined? 
By identifying the critical factors needed for the successful operation of EMCFs in 
South Africa and finding appropriate metrics by which these may be judged a 
structured approach to the operations management strategy of these facilities could 
be derived. 
1.2 BACKGROUND TO THE STUDY 
South Africa, like other countries globally, is aiming to transform its economy from a 
resource intensive economy to a “knowledge based economy” (Kefela, 2010). Within 
a “knowledge based economy” growth is driven by technologies based on knowledge 
and information production (Powell and Snellmann, 2004) rather than exhaustible 
resources and provides the benefit of being sustainable for future generations. 
However, maintaining this process of knowledge generation requires the 
implementation of appropriate strategies within the scope of research and 
development practices.  
Frequently the strategies employed are directed at enhancing the level of innovation 
within a country (OECD, 1996). Enhanced innovation have been linked to greater 
efficiencies and productivity within a country and it aids in finding unique solutions to 
problems faced. The end result is that the global competitiveness of a country is 
increased leading to an economic benefit to its inhabitants (OECD, 1996). 
An important consideration in this regard is the appropriate management and 
application of the derived economic benefit to facilitate enhancing innovation further. 
According to the Unesco Science Report 2015 (as at August 2015) the gross domestic 
expenditure on research and development (GERD) from non-business sources as a 
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share of total gross domestic product (GDP) for South Africa is seen well below the 
world standard for different OECD countries globally. In addition, the number of 
researchers per per capita South Africa is also considerably lower than the countries 
represented. The combined outcome of these factors are that the apparent research 
and development activities within South Africa is well below notable knowledge based 
economies such as Germany, USA, Sweden and Singapore. A direct consequence of 
this is that the capacity to innovate within South Africa is relatively low (Wolf, 2006) as 
compared to world standards. 
Several factors contribute to the low level of innovation within South African. The 
country faces many socio-economic challenges (Subotzky and Prinsloo, 2010) related 
mainly to high levels of inequality. Significant numbers of inhabitants are still without 
basic needs such as water, energy and access to basic education and healthcare 
(Subotzky and Prinsloo, 2010). Mismanagement of public funds and high levels of 
corruption are also found along with significant political instability. Undoubtedly, these 
impacts negatively on the number of researchers per capita seen for the country, as 
the majority of inhabitants are without access to tertiary level education. In addition, 
chronic underfunding of higher education sectors within the country further inhibit the 
levels of innovation. 
To address the issue of low levels of knowledge generation and innovation in South 
Africa, several policies aimed at enhancing activities within science and technology 
was developed with the goal of transforming South Africa to a “knowledge-based 
economy” (DST Ten Year Innovation plan, 2008). These strategic policy instruments 
are based on the concept that knowledge and innovation are essential components 
for economic growth and development, as well as for South Africa’s global 
competitiveness (Blankley, 2010) as stated earlier. With reference to research and 
development infrastructure, the policies largely relate to providing researchers greater 
access to state of the art research infrastructure. In essence, providing access to 
suitable research and development infrastructure is seen as a catalyst to increase 
knowledge and innovation within the country. However there remain pertinent question 
related to human resource management of such activities within the country. 
The process of innovation involves the production of new knowledge most frequently 
from old knowledge along with the sharing of this knowledge in a productive way to 
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enable further innovation to occur or to facilitate the use of this knowledge toward 
progress. A country's science system takes on increased importance in a knowledge-
based economy especially in relation to innovation practices. Public research 
laboratories and institutions of higher education sit at the core of this. (OECD 1996). 
Within the scope of natural science research and development, the process is 
becoming increasingly specialised and in many cases prohibitively expensive (Saibil 
et al., 2014). Doing cutting edge research requires sophisticated research equipment 
along with highly skilled staff and in many cases it has become unsustainable for 
research laboratories to keep capacity in all fields of research in house. In response 
to this, a trend in the establishment of centralised research and development facilities 
termed “core facilities” in the form of shared resources is seen globally (Turpen et al., 
2016).  
In the field of electron microscopy, the trend is no different with electron microscopy 
based research infrastructure typically being very expensive and highly specialised 
(Saibil et al., 2014). South Africa as stated earlier houses numerous such electron 
microscopy core facilities (EMCF) typically found within a university or national facility 
environment, specialising in a variety of research areas. Their presence is mainly due 
to a large investment in electron microscopy related research infrastructure from the 
South African government in the past two decades, notably the inception of CHRTEM 
in September 2011 as mentioned. 
1.3 LAYOUT OF DISSERTATION 
In Chapter 2 a review of important concepts derived from literature is presented. The 
chapter includes insights provided in literature related to the philosophy surrounding 
the concept of a “knowledge-based economy” and how it can be used to define the 
role of core research facilities within a country in enhancing the process of innovation. 
The chapter touches on aspects surrounding the management of core facilities and 
how their performance is typically evaluated. Finally the role of customer satisfaction 
in judging the success of services entities is discussed. 
In Chapter 3 the research methodology applied to the current study is presented. The 
conceptual framework along with the specific research questions and aims are 
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presented. Details about the research approach, data collection and sampling is also 
provided. 
Chapter 4 presents the results from the quantitative survey conducted during the study 
along with graphical representations of the findings. Insights pertinent to the research 
questions are provided along with summaries of key findings with the aim of combining 
these with findings from Chapter 5. 
In Chapter 5 the findings from the qualitative case studies conducted are presented. 
Responses from participants of each case study is shown for each of 6 standard 
questions related to the research objectives and in line with the conceptual framework. 
A summary of the interpreted findings of each question is provided as well as an overall 
insight from all responses of all questions. The results from a cross-linking of the case 
study question responses to the identified independent variables from the conceptual 
framework is also given. 
Chapter 6 provides a discussion and conclusion with reference to the overall findings 
of the study. The findings derived from the survey is compared to the insights from the 
case studies and are used to provide recommendations related to the research 
questions posed. The development of a balanced score card for the evaluation of 
South African EMCF is also presented along with the results of Hypothesis testing 
done of the quantitative data. Lastly recommended future research ideas are provided. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 INTRODUCTION 
In Chapter 2 a summary of literature reviewed with reference to identified factors used 
to investigate the research problem is presented. Insights from previous studies 
regarding the philosophy of a “knowledge-based economy” and the crucial role 
innovation plays in this is provided. The main focus of the chapter is the role core 
research facilities play in promoting innovation practices within a “knowledge-based 
economy”. Strategies extracted from literature related to the management of facilities 
and in particular core facilities are presented as a basis to derive a management 
approach to facilitate this. The chapter concludes with a discussion around 
performance management strategies within core facilities and the link it has to user 
satisfaction at these facilities. 
2.2 INNOVATION IN A KNOWLEDGE BASED ECONOMY 
A general trend in literature related to macroeconomic strategy and policies specifies 
that technologies based on knowledge, information production and dissemination 
thereof are key economic drivers in developed countries (Powell, 2004). The 
processes of creating new knowledge, continual innovation and technological change 
are accordingly critical enabling factors present in developed countries. (OECD, 1996)  
These factors form the basis upon which “knowledge based” economies function. 
Leading economies prioritise knowledge production processes within the country, and 
rely less on traditional resources such as capital and labour to create wealth and 
growth in their country (Blankley, 2010). In essence increased innovation within a 
country is seen to stimulate economic growth, which in turn enhances socio-economic 
development. Consequently, this leads to greater global competitiveness for the 
country in question (Houghton, 2000). 
Powell (2004) describes that this knowledge production process is intimately linked to 
new technology investments, high-technology industries and highly skilled labour. 
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These are essential ingredients in the making of a knowledge-based economy. 
(Blankley, 2010) 
Cairney (2000) states “Some view the knowledge economy as synonymous with the 
shift into a new high skills, high performance, mode of working, reflecting a belief in a 
workplace change led response to global pressures” 
Thus, the process of moving toward a “knowledge based” economy is multifaceted 
and depends on the effective interaction of many factors within a country. 
Cairney (2000) summarises the defining characteristics of the knowledge-based 
economy as follows: 
• new industries and organisational structures which are heavily dependent on 
knowledge; 
• changing occupations and skill structures which privilege particular kinds of 
knowledge production workers; 
• highly intensive workplaces, requiring a range of new forms of knowledge and 
generic skills and competencies; 
• an increased importance for innovation in order to sustain the competitive advantage 
of individuals, firms, regions and economies. 
A key concept in the discussion around “knowledge based” economies is that of 
innovation (OECD, 1996). Cairney (2000) asserts that an increased innovativeness in 
a country is one of the defining characteristics of a “knowledge based economy”. Bell 
(1973) provides guidance as to how such an increase may be achieved and highlights 
the importance of theoretical knowledge to be a source of innovation. Cairney (2000) 
asserts that technological innovation and access to knowledge and skills are drivers 
of innovation. Thus, the process of knowledge creation and innovation is cyclical, 
interdependent and ongoing but is dependent also on the level of skills within the 
economy.  
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A country's science system takes on increased importance in a “knowledge-based 
economy” especially in relation to innovation practices. Public research laboratories 
and institutions of higher education sit at the core of this. (OECD, 1996).  
In a “knowledge-based economy”, the science system contributes to the key functions 
of (OECD, 1996):   
i) knowledge production – developing and providing new knowledge;   
ii) knowledge transmission – educating and developing human resources;  and  
iii) knowledge transfer – disseminating knowledge and providing inputs to 
problem solving  
It is clear that science contains many of the key economic aspects driving economic 
development as described by Powell et al. (2004). It also provides a valuable link 
between knowledge and innovation. 
Bryant et al. (1996) defines innovation as a “process that involves the application of 
new ideas in any of the activities of an enterprise, or in its commercial outputs”.  
However, the generation of such new ideas is not necessarily based on chance and 
as stated earlier is dependent on an environment conducive for it to occur. 
“Innovation is not primarily understood as a process leading to fundamental 
breakthroughs or 'the big bang', but one that is continuous, day-to-day, and strongly 
shaped by past insights, decisions, responses to events, and technological choices. 
Understanding innovation is crucial for understanding the dynamics of 'knowledge 
based' economies with networking, inter-dependency and learning through interaction 
being at the heart of the innovation process”. (Cairney 2000) 
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2.3 ROLE OF CORE RESEARCH FACILITIES IN ENHANCING INNOVATION 
At the heart of most scientific research activities is experimentation (Saibil, 2015). 
Conducting leading edge and innovative scientific research through experimentation 
typically requires significant investment in research infrastructure (Fienburg, 2014). To 
lessen the financial impact of such investments over the different areas of science, the 
current world trend is towards the establishment of centralised research facilities 
termed core facilities (Turpen et al., 2016).  
Core facilities are research laboratories that operate as small businesses, providing 
specialized equipment and expertise that would otherwise be impractical for individual 
investigators to develop and maintain on their own (Turpen et al., 2016). 
 
Figure 2.1 - Development and current composition of the GerBI network. (A) Number 
of registrations per year. CF: ALM-core facility, RG: microscopy research group (From 
Ferrando-May et al., 2016) 
An example of the increase in microscopy related core facilities can be seen in Figure 
2.1. It shows the increase of the German biomedical imaging core facility network from 
2011 to 2015. The number of core facilities and related microscopy research groups 
in the German biomedical imaging core facility network have nearly doubled from 2011 
as compared to 2015. (Ferrando-May et al., 2016). This is typical of what is seen 
currently worldwide. 
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The U.S. National Institutes of Health (NIH) deﬁnes core facilities as follows: “core 
facilities are centralized shared resources that provide access to instruments, 
technologies, services, as well as expert consultation for scientiﬁc and clinical 
investigators.” 
In general, a core facility is a distinct research unit within an institution. It may have 
dedicated personnel, equipment, and space for operations. [U.S. National Institutes of 
Health, 2013)  
Some of the important aspect in setting up and running of a core facility include 
(Ferrando-May et al., 2016): 
 Funding for new and existing equipment 
 Staffing of the facility 
 Choice of equipment in the facility 
 Space and location considerations 
 Maintenance of instrumentation 
 Data Management 
 Training 
 Safety Aspects 
 Quality Control 
Within a South African context, one of the most recent examples of such a core facility 
in electron microscopy is the Centre for High Resolution Transmission Electron 
Microscopy at the Nelson Mandela Metropolitan University in Port Elizabeth [NRF Fact 
Sheet].  
With reference to the following excerpts from the NRF fact sheet about the Centre for 
High Resolution TEM it can be seen that the motivation for the establishment of such 
a core facility lies in the diverse nature of microscopy and the specialisation in skills 
required to run it.  
“The main aim of the Centre for High Resolution Transmission Electron Microscopy 
(HRTEM) is to provide a broad community of South African scientists and students 
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with a full range of state-of-the-art instruments needed for nanoscale materials 
research.” 
“The Centre for HRTEM was established with the backing of the Department of 
Science and Technology (DST) after the national nanoscience community supported 
the establishment of the Centre at the NMMU due to its acknowledgement as a leader 
in the field of electron microscopy” 
“The equipment will be used for multidisciplinary research covering aspects of 
nanophysics, nanochemistry, materials science and mechanical engineering.” 
Thus the establishment of this core facility in electron microscopy was clearly driven 
by a need within the wider research community in South Africa for a multidisciplinary 
research unit specialising in high level electron microscopy. 
2.4 CORE FACILITY MANAGEMENT  
In general facilities management (FM) is geared towards providing facilities services 
(Barrett and Baldry, 2003). The function of facility managers should be that of 
managing facilities in the best interest of the core business. These opinions present 
the view that there is a relationship between organizational objectives or goals with 
the facilities management function. In the case of core research facilities, these 
objectives might include optimizing the environment to allow for innovation to occur, 
provide high level training activities for user and accurate bookkeeping of equipment 
usage for funding decisions to name a few (Turpen et al., 2016). 
Amaratunga and Baldry (2000) proposed that the aim of facilities management should 
not be just to optimise the running cost of buildings but also increase the efficiency of 
the space management and other related assets (people and processes). Therefore, 
to achieve an organizational mission or goal, the combination of cost and efficiency is 
required (Amaratunga and Baldry, 2000).  
According to Becker (1990) facility management is tasked with coordinating all efforts 
related to planning, design and management of buildings and their systems, their 
equipment and their furniture. This is done to improve the organization's ability to 
compete successfully in a rapidly changing environment. 
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In the book by Becker (1990) it is also mentioned that facility management is 
increasingly recognized as an element of the value chain of a business.  
Tai and Ooi (2001) state that facility management provides to an organization the 
means to maintain the quality of the work environment for its human resources and 
materials and it ensures that managers are able to achieve the objectives of the core 
business. 
The process of facility management is undoubtedly multifaceted and aims to synergize 
all the different systems contained within an organization. The persons tasked with 
providing guidance in this are the facility managers. 
Guizzi et al. (2012) states that the routine tasks of a typical facility manager entails a 
continuous cycle activities. These include: 
- Analysis of business needs: communication skills and analytical skills are 
essential to identify customer needs, rather than the specific services that the 
customer would like to receive.  
 
- Service design: it is certainly the most creative and complex component of the 
role of Facility Manager, in fact it is necessary to have managerial, economic, 
financial, engineering, technological and organizational skills.  
 
- Commissioning and management of the service: he always acts as a client, 
towards his subordinates or in respect of external suppliers  
 
- Checking the results:  his management is focused on results rather than on 
specifications performance. He looks at the quantitative translation of results in 
the form of key performance indicators and observes, through them, customer 
satisfaction.  
Cotts and Lee (1992) describes the attributes of a good facility manager as:  
 technically competent;  
 capable of good verbal and written communication;  
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 able to respond quickly and controlled;  
 service-oriented;  
 aware of the costs;  
 extrovert;  
 decision-maker;  
 able to solve multiple problems;  
 confident and competent with quantitative measures;  
 action-oriented;  
 able to conclude good agreements. 
In the case of core facilities, the process of facility management is met with a set of 
unique challenges. Core facilities have varied operational models and they range from 
“user laboratories” to “all-inclusive services” (Figure 2.2). User laboratories typically 
provide access to equipment, and technical experts who advise users which piece of 
equipment would be best suited for their projects and provide training to use the 
equipment properly. Thus, the users themselves conduct the analysis activity. With 
all-inclusive services, the analysis and reporting is done in-house (Meder et al., 2016) 
 
Figure 2.2 - Core facility operational models range from “user laboratories” to “all-
inclusive services” (from Meder et al., 2016) 
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One of the unique challenges in running of core facilities is that science and technology 
is continuously evolving. Core facilities need to have the flexibly to adapt to a 
constantly changing research environment. There is a continual development of new 
technologies, methods and application approaches, which require ongoing 
development of in house staff and the acquisition of new research equipment.  The 
management approach should be mindful of this and should work in unison with a 
long-term strategic plan addressing these factors. 
Meder et al. (2016) asserts that most of the technologies offered by core facilities 
depend on expensive equipment. To ensure that it remains state of the art, the institute 
needs a sustainable investment plan for acquiring, upgrading and maintaining 
equipment. In this lies perhaps the biggest challenge in managing a core facility. 
Without substantial government support most core facilities will not be able to function. 
However, successfully acquiring such funding in return is dependent on certain key 
performance criteria of the core facility. 
To establishment a core research facility, funding is generally obtained through 
governmental grants and industry support (de Maggio, 2002). The total operating costs 
of core facilities are a combination of salaries, maintenance and services, 
administration, and supplies core facilities (Stahl, 2015). These running costs, or a 
portion thereof, are typically recovered in the form of user fees that are charged to an 
investigator’s funds for providing the scientific service (U.S. National Institutes of 
Health, 2013). However, this is generally not enough to provide fully in the financial 
requirements of running of a core facility and the operating cost are consequently fully 
funded through a combination of user and government support in most cases (Stahl, 
2015) 
Sustainable costing and pricing models need to be in place at the onset of a core 
facility and continually evaluated. The model on which the core facility will operate is 
dependent on the nature of the analyses conducted, cost of infrastructure and the 
research environment in which it operates. In the case of South Africa running such a 
facility on a full cost recovery model will bring with it significant challenges. This is due 
to the relatively low involvement of high technology industries in research within South 
Africa.  
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The funding model on which the core facility operates also brings with it additional 
administrative factors. Ferrando-May et al. (2016) describes the following: “This 
diverse system of research establishments and funding sources directly impacts core 
facilities, because it determines the financial and administrative framework within 
which they operate. Depending on the hosting institution, different administrative and 
financial policies are implemented regarding e.g., the application and amount of user 
fees, the flow of third party funds, the availability of and allocation criteria for intramural 
funds, etc.” 
The consequence of this is that there does not exist a generic approach to the 
management of core facilities. However, there does exist certain key management 
factors applicable to such facilities. 
Turpen et al. (2016) states further that “The laboratory component is nearly always 
managed by scientists with expertise in the relevant technologies, but the business 
component is sometimes handled by the core director or manager or a department 
administrator with no special experience in core administration or perhaps managed 
by a business administrator who is familiar with the institution’s accounting and 
business practices. Ideally, a core director (or manager) oversees both components 
working in partnership with administrators to balance the goals of providing the best 
service possible at an affordable cost. This balancing act requires a unique set of skills 
(technical, business, social), and the core director must understand their mutual 
interdependence and strive to balance these competing interests”. Thus business skill 
and appropriate financial management are critical aspect in the effective management 
of core facilities.  
Core facility managers should thus have attributes that allow them to guide the facility 
in both business and technical aspects. The combination of these attributes is quite 
rare in the case of scientific research. This is since scientists are not typically trained 
in concepts relating to business management.  
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2.5 PERFORMANCE MANAGEMENT 
In order to effectively manage and guide a facility it is important to use an appropriate 
performance management approach. No standardised approach has been developed 
to date however; some critical factors have been identified. 
Performance measurement reviews the past and present functioning of a facility. The 
outcome of this may then be used to derive strategies for future endeavours as well 
as compare performance within and among facilities. The performance is then gauged 
against organizational goals and provides feedback to management for decision-
making (Amaratunga et al., 2000a, b; Cable and Davis, 2004; Lebas, 1995) 
Some of the generally used facility performance measurement tools are 
benchmarking, balanced scorecards, post occupancy evaluation, and measurement 
through metrics of key performance indicators (KPIs) (Lavy et al., 2010). 
Cable and Davis (2004) assert that performance measurement using established KPIs 
helps the senior management team to make strategic decisions. 
Developing performance metrics is an important step in the process of performance 
evaluation, as it includes relevant indicators that express the performance of the facility 
in a holistic manner (Lavy et al., 2014) 
Some useful KPI’s have been tabled by Lavy et al. (2010) and shown in Table 2.1. 
However, the table includes a large amount of indicators which might be difficult to 
effectively manage in a real management situation. 
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Table 2.1 – Typical key performance indicators by category (from Lavy et al., 2010) 
 
In a seminal article about the management of core facilities by Turpen et al. (2016) 
valuable insights are provided about the factors that influence the performance of core 
facilities. Turpen et al. (2016) mentions that one of the key predictors of core facility 
success is a clear mission and a strong leadership team. In line with this, the most 
used administrative tool to evaluate the performance of a core facility is the annual 
report. Annual reports provide important feedback to core administrators on the health 
and effectiveness of core facilities. However, the value of this annual report is 
dependent on its content and unfortunately there lies an inherent challenge in judging 
performance of a facility as judged from the content of the annual report alone.  
Turpen et al. (2016) suggests collaborating with core leadership and stakeholders to 
design an appropriate annual report in line with the facilities operational strategy. It is 
further explained that the content of the report will depend upon the priorities of the 
institution, but that it will probably include information on the core’s management and 
strategic planning, technical capabilities and expertise, ﬁnancial and resource 
management, communications, customer base and satisfaction, and institutional 
impact. 
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Another means of evaluating the performance of a core facility is through the use of a 
“balanced scorecard” approach (Turpen et al., 2016). The “balanced scorecard” 
approach aims to identify important factors for the overall success of an institutions 
(e.g., ﬁnancial health, reputation for excellence, growth in market share) and then 
deriving discrete, measurable activities that reﬂect these goals. After measurement, a 
useful way in representing the findings is through the use of a “spider diagram,” 
displaying the relative strengths and weaknesses across these activities (Turpen et 
al., 2016). 
 
Figure 2.2 – An example of a spider diagram generated for a balanced scorecard 
approach (from Turpen et al., 2016) 
In an article put together by Stahl (2015) with reference to a presentation made by Ian 
McDermott, the University Health Networks’ senior director of research facility 
planning and safety in the United States at Tradeline’s Core Facilities 
2015 conference, a few insightful points may be extracted. 
McDermott stated, “If there’s anything we have learned over the years, it is that if you 
don’t have management expertise in the core facility, it will not be successful”  
Other success factors mentioned by McDermott include the availability of training and 
education, open access, balancing revenue sources and expenses, and a realistic 
schedule of user fees supported by carefully documented utilization logs. 
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2.6 CUSTOMER SATISFACTION AND ITS ROLE IN CORE FACILITIES 
Meder et al. (2016) discusses that leveraging the full potential of the equipment in core 
facilities relies on the expertise of the staff operating it. Service-oriented expert 
scientists, who can understand the users’ needs, who strive to push the technology 
and who take pride in making the users successful, are key to a sustainable core 
facility.  
The word ‘service’ is multifaceted and usually, it is expressed as something ‘intangible’ 
(Sapri et al. (2009)). A service is a process or an act and can be defined is a value-
creating activity (Sasser et al, 1978), an activity rather than a tangible object (Johns, 
1999). (Kothari, 1988) defines service as any activity offered to a customer that is 
simultaneously consumed as it is produced.  
Customer satisfaction is defined as "the number of customers, or percentage of total 
customers, whose reported experience with a firm, its products, or its services (ratings) 
exceeds specified satisfaction goals." (Farris et al. (2010)). 
Customers have a significant impact on the performance of a business. Customers 
will judge and differentiate the level of service provided by an organization compared 
to other organizations that offer the same product (Sapri et al. (2009)). According to 
Horstmann (1998), there is a strong relation between customer satisfaction and 
loyalty.  
For service organizations such as hotels, restaurants, financial institutions, retail 
stores and hospitals, the physical environment can be a powerful influence to 
customers’ evaluation of the services given (Baker, 1987). Due to the intangible nature 
of services, customers rely on tangibles cues to help them evaluate service quality 
(Berry and Clark, 1986) 
With reference to core research facilities determining the specified satisfaction goals 
for customers could be somewhat challenging as the favourable outcome of a specific 
analysis service is ill defined. The nature of innovative research defines it to be out of 
the box and thus does not always operate within specific boundaries. Scientists are 
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also typically intrinsically motivated and the level of assistance they require in their 
research could vary dramatically which in turn could affect customer satisfaction.  
Determining the appropriate factors to use as a means to judge customer satisfaction 
is thus critically important. Turpen et al. (2016) describes one such way is through the 
utilization of a core facilities customer base. Feedback from the customer base with 
reference to their experience of the core facility can yield valuable information that 
could be used to tune its service approach. Surveys of customers are useful for 
gauging the effectiveness of a core facility Turpen et al. (2016) 
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CHAPTER 3 
RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
The following chapter details the methodology employed in conducting the research 
problem identified. A conceptual framework with reference to the innovation, research 
and knowledge production process is presented and used as a basis from which the 
research problem is defined. From this the research questions are posed along with 
the determined research objectives. Details are given about the research approach, 
research paradigm and data collection methods employed in this study. 
3.2 CONCEPTUAL FRAMEWORK 
 
Figure 3.1 – The conceptual framework developed for the study (author’s own 
construction) 
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Electron microscopy core facilities play an important role in the knowledge, innovation 
and research cycle. The technique of electron microscopy is multidisciplinary and 
applicable to almost all fields of physical natural sciences. The main aim of electron 
microscopy core facilities are to act as centralised nodes that provide to the research 
community access to expensive electron microscopy and related infrastructure as well 
as expertise. The researchers who utilise the facility can be seen as customers and 
the funders sponsoring the infrastructure and operation of the facility the shareholders. 
The mandate of the facility however is not profit maximization but rather knowledge 
maximization. It is for this reason that the operating model of a microscopy research 
facility is somewhat different to that of a typical service provider. The goal is to increase 
customer (microscopy user) satisfaction and shareholder (funding body) satisfaction 
in contrast to increased shareholder value.  
Figure 3.1 shows a diagrammatic representation of the key factors needed to conduct 
innovative/effective research as applicable to core research facilities. It was 
constructed using the insights gained from literature presented in chapter 2 and serves 
as the conceptual framework for the study approach.  
For a country to operate within the context of a “knowledge based” economy there 
should be effective utilization of knowledge. This means that produced knowledge 
should be appropriately reflected in services, products and a free flow of 
communication [OECD (1996)]. The knowledge should also be continually increasing. 
Increasing knowledge is part of a cyclic process where prior knowledge is used to 
produce enhanced knowledge through research and innovation. However to conduct 
innovative research an environment conducive for it to occur must be created (OECD, 
1996).  
In the case of core facilities two questions are posed. How is innovative research 
defined and how is innovative research facilitated? Innovative research does not have 
to relate to the generation of entirely novel ideas but rather can be seen to be 
innovative if it adds suitably to the knowledge base. Core research facilities in general 
play a role in both primary as well as diagnostic research (Turpen et al., 2016).  
Primary research is generally concerned with the generation of fundamental 
knowledge. It may add to previous knowledge but is not necessarily applicable to 
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existing processes or systems. Defining the success of this research in terms of 
innovation is generally dependent on the level at which it is done. This determination 
is typically made using a process of peer-review and includes factors such as the 
quantity, quality and relevance of the research. 
Diagnostic research involves a directed approach in solving or evaluating an existing 
process. In the case of microscopy core research facilities, the solving of industry 
related problems would be the most pertinent example. The success of this type of 
research will usually be judged by the impact it has on the process in question. It may 
lead to an increase in efficiency or a definitive cost reduction. Successful or innovative 
research can also lead to new or improved product development. 
Facilitating innovative research is where core research facilities will play an important 
role. Innovative research in natural physical science is facilitated through 5 key 
aspects. 
• Access to infrastructure 
• Access to expertise 
• Training opportunities 
• Knowledge Transfer 
• Environment of Innovation 
The primary goal of core facilities is to provide access to expensive and sophisticated 
research infrastructure in an economic way. With that comes access to expertise in 
the form of technique specialist scientists. These scientists aid researchers 
(customers) in conducting their research and supply appropriate training in order for 
researchers (customers) to interpret the acquired data appropriately. With this, an 
environment of knowledge sharing and innovation should be present to stimulate the 
research activity. 
Customer satisfaction and knowledge production (leading to shareholder satisfaction) 
will undoubtedly lie in optimizing the conditions facilitating research toward the defined 
characteristics of innovative research. This poses certain key challenges in the 
management of core facilities. 
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Access to infrastructure: Managers of core facilities are tasked to provide adequate 
access to research infrastructure to researchers. This entails minimizing the down time 
of equipment through suitable maintenance strategies as well as sourcing of funding 
to replace or upgrade old or outdated infrastructure. It also entails management of 
customer needs (scheduling, cost/time budget). In both cases of maintenance and 
replacing/upgrading equipment, funding plays a critical role. Funding of these activities 
is determined through the management strategy of the facility and may be dependent 
on user fees or government funding or both (Turpen et al., 2016). Nonetheless 
adequate funding to provide access to infrastructure is required. 
Access to expertise: Operation of sophisticated research infrastructure requires expert 
knowledge. Core facilities have to employ experienced scientists in the field to provide 
specialist knowledge and expertise to researchers. For managers this means that 
funding is required to employ highly skilled individuals as well as a staff management 
strategy. Furthermore, user management and research scheduling as well as logistic 
support (data management, accommodation etc.) is needed for facility users. Training 
opportunities and strategies should be in place for employed experts to keep up to 
date with the rapidly evolving research space. 
Access to training: Users of core facilities should be provided with access to training 
in relation to the type of analysis conducted at the core facility as part of their research. 
This promotes adequate utilization of research data obtained through appropriate 
interpretation. The training could take place in different ways but it is generally the task 
of the employed expert scientists to provide this. However it should be the task of 
facility managers to facilitate this process. 
Environment of knowledge transfer and innovation: Core research facilities should be 
environments where knowledge is effectively transferred and where innovative 
thinking happens. Expert scientists employed at the core facility should assist users to 
conduct their research in innovative ways and to produce unique insights. To facilitate 
that it is crucially important for expert scientists at the facility to be active researchers 
themselves. This will create a dynamic environment where users can solve or 
investigate problems in a unique way. 
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In summary facility, managers have to facilitate a delicate balancing act that involves 
many aspects of management to optimize the probability for users to conduct 
innovative research. There are two perspectives from which the successful operation 
of such core facilities may be judged. The one perspective is from the viewpoint of the 
users and the other from the managers. The success from the perspective of the users 
or customers is dependent on their level of satisfaction. This might be dependent on 
factors relating to access of these facilities, to specialist expertise or training 
opportunities. From the perspective of managers of core facilities, success lies in 
factors such as funding, research output, user numbers and facility profile. Both 
perspectives need to meet in order to create an environment where innovation could 
occur. However, merely creating an environment conducive for innovative research 
within a core facility may not necessarily lead to an increase of innovation and 
research. External factors may play a defining role in this, as in the case of the South 
African context. Unfortunately, the performance of core facilities are frequently judged 
using research indicators off which the facility does not have full control.  
One such indicator is research output. Data generated for users when visiting the 
facility is the sole responsibility of the users themselves and thus the manipulation of 
this data into publishable format is not within the control of the core facility itself. The 
core facility may offer support in this regard but the choice and control is ultimately in 
the hands of the user.  
South Africa has a rich history in the field of electron microscopy and significant 
investment in electron microscopy related infrastructure by the South African 
government has placed South Africa in a competitive position with reference to world 
standard (NRF Fact Sheet). However, South Africa poses unique challenges and core 
facilities including electron microscopy facilities in South Africa should be mindful of 
this. Thus a unique approach in the management of South African electron microscopy 
core facilities is required. 
The research presented in this document aims to compare the findings from a South 
African electron microscopy core facility user (customer) based satisfaction and needs 
survey to the insights of local and international EMCF managers. It is envisioned that 
the measurement of satisfaction within the South African EMCF user base will yield 
an indication of the current success of these facilities in the country. By probing the 
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needs of these users within the same survey a better understanding of the importance 
of relevant factors relating to the use of such facilities can be attained. Comparing 
these findings to the insights of experienced managers of EMCF will in turn provide 
guidance to evaluators and managers of such facilities in South Africa to optimise its 
purpose. 
The main outcome of the current study will be to determine the critical factors that lead 
to the successful operation of an electron microscopy core facility in South Africa. 
3.3 PRIMARY RESEARCH QUESTION 
The primary research question for the study in is: 
- What are the critical factors that lead to the successful operation of an electron 
microscopy core facility in South Africa? 
3.4 SECONDARY RESEARCH QUESTION 
The secondary question derived from the primary question is: 
- How should the success of a South African electron microscopy core facility be 
measured or determined? 
3.5 PRIMARY RESEARCH OBJECTIVE 
To answer the primary question the primary research objective of the study is to 
identify the critical factors that lead to the successful operation of a South African 
electron microscopy core facility 
3.6 SECONDARY RESEARCH OBJECTIVE 
In line with the evaluation of a facilities performance a balance scorecard was 
developed to measure the performance of a South African electron microscopy core 
facility as the secondary research objective 
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3.7 HYPOTHESIS 
With reference to the quantitative portion (user survey) of the study the following 
hypothesis is made. 
- Overall, South African electron microscopy core facility users are satisfied with 
their experiences at these facilities 
3.8 RESEARCH PARADIGM 
Research paradigms describe the philosophical extent of social sciences (Barton 
2015). A research paradigm can be defined as a set of primary assumptions and 
beliefs as to how the world is perceived (Wahyuni (2012), Jonker and Pennink (2010)). 
It serves as a framework guiding the behaviour of the researcher. 
Research paradigms are mainly classified as either positivism or interpretivism (Collis 
and Hussey, 2014). The following table provides an overview of these paradigms in 
their applicability in a certain research approach. 
Table 3.1 - Fundamental beliefs of research paradigms in Social Sciences 
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Positivism rests on the assumption that social reality is singular and objective, and is 
not affected by the act of investigation. Interpretivism is based on the assumption that 
social reality is born of the mind, is subjective and multiple (Collis and Hussey, 2014).  
In the current study, a combination of the positivism and interpretivism paradigms were 
used. The survey used to measure the satisfaction and needs of South African 
electron microscopy core facility users lies within the positivism paradigm whereas the 
gathering of insights from experienced managers of such facilities lies in the 
interpretivism paradigm, as it is subjective in nature. 
3.9 RESEARCH APPROACH 
As alluded to in the previous section there are two basic approaches to research, the 
quantitative approach and the qualitative approach (Kothari, 2004). Quantitative 
research involves the generation of data in a quantitative form and lies within the 
positivism paradigm. The acquired data is subjected to a defined quantitative analysis 
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methodology and processed to provide information or insights regarding the research 
problem (Macdonald and Headlam, 2009). 
Quantitative research can be sub-classified further into inferential, experimental and 
simulation based research. Inferential research is done to identify characteristics or 
relationships of a certain population under study. This is achieved by building a data 
base with reference to this population. A survey is generally used to gather data for 
this purpose. A sample of population is studied (questioned or observed) to determine 
its characteristics, and it is then inferred that the population has the same 
characteristics. For the experimental approach variables are manipulated to observe 
their effect on other variables within a specific environment. This approach is 
characterised by greater control over the research environment. The simulation 
approach involves the construction of an artificial environment within which relevant 
information and data can be generated (Kothari, 2004). In this study a inferential 
approach was used by gathering data using a survey for the quantitative portion of the 
study. 
A Qualitative approach to research is concerned with a subjective assessment of 
attitudes, opinions and behaviour (Macdonald and Headlam, 2009). It is dependent on 
the researcher’s own insight and interpretation of the data collected. Typically data is 
gathered through means of interviews using this research approach. 
For the current study a multifaceted approach was followed to investigate the research 
problem. To investigate customer (microscopy users) perception, an analysis of the 
level of satisfaction and needs of existing EMCF users in South Africa was conducted. 
A survey was constructed to gather data in this regard using an on-line questionnaire. 
The on-line questionnaire was implemented such that it formed part of the annual 
conference of the Microscopy Society of Southern Africa. Respondents were asked to 
complete the questionnaire as part of their registration for the conference. This was 
done to increase the probability of a questionnaire being completed.  The survey 
aimed to gain insight into the factors most important to electron microscopy users 
when accessing EMCFs in South Africa. The gathered data was subsequently 
processed using basic quantitative routines and segmented where necessary to 
provide relevant insights. The results from the survey conducted is presented in 
Chapter 4.  
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To investigate shareholder (funding body) satisfaction a qualitative study using 
experienced managerial level staff (Director, Facility Manager, Project/Program 
Leaders) at existing electron microscopy core facilities in South Africa and abroad was 
conducted. The study was conducted using a case study based methodology. The 
staff members approached play the role of administrators within their facilities in 
accordance to shareholder (funding body) requirements. The aim was to gain insight 
into the factors needed for successful operation of such facilities as derived from their 
experience. The insights of these individuals where probed using a standardised 
questionnaire requiring a written response from the participants. The questionnaire 
was sent using email to each respondent requesting them to complete it within a given 
timeframe. 
3.10 SURVEY RESEARCH APPROACH 
The survey research approach used in this study is associated with the positivism 
paradigm and thus forms part of a quantitative research methodology as described 
above. 
Macdonald and Headlam (2009) assert that surveys are a useful a means of gathering 
data from businesses, community organisations and residents, and that survey 
research is one of the most important areas of measurement in applied social 
research. 
Kothari (2004) describes the purpose of survey investigations as scientifically gathered 
information to work as a basis for a researcher’s conclusions. Kothari (2004) sets out 
basic postulates under which this can be stated: 
1. It relies on empirical evidence;  
2. It utilizes relevant concepts;  
3. It is committed to only objective considerations;  
4. It presupposes ethical neutrality, i.e., it aims at nothing but making only adequate 
and correct statements about population objects;  
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5. It results into probabilistic predictions;  
6. Its methodology is made known to all concerned for critical scrutiny are for use in 
testing the conclusions through replication;  
7. It aims at formulating most general axioms or what can be termed as scientific 
theories. 
Data can be collected using surveys through a number of ways (Macdonald and 
Headlam, 2009).   
(i) By observation: The data is collected through the investigator’s own 
observation, without interviewing respondents.  
(ii) Through personal interview: The research follows a set procedure and 
seeks answers to pre-defined questions using personal interviews.  
(iii) Through telephone interviews: Data is collected by the researcher using a 
telephonic interview with respondents 
(iv) By mailing of questionnaires: Questionnaires are sent to potential 
respondents with a request to complete it and send back if required. It is the 
most extensively used method in various economic and business surveys.  
(v) Through schedules: Under this method enumerators are appointed and 
given training. They are provided with schedules containing relevant 
questions. These enumerators go to respondents with these schedules. 
Data are collected by filling up the schedules by enumerators on the basis 
of replies given by respondents.  
In the current study as discussed above, a survey was conducted through means of 
an on-line based questionnaire. Data obtained from the study was analysed using an 
inferential quantitative based approach. The findings where then qualitatively 
compared to the case study findings of the second half of the study to provide insights 
with reference to the posed research questions. 
3.11 SAMPLING DESIGN 
The population of the study probed during the survey was that of all EMCF users in 
South Africa. The population size of South African electron microscopy core facility 
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users in South Africa is not very large and most likely less than 1000. In order to 
optimise the probability of gathering sufficient data from respondents a convenience 
sampling approach was used. The online questionnaire was designed to be part of the 
registration process of participants of the Microscopy Society of Southern Africa’s 
annual conference in December 2016. The participants of this conference are mainly 
South African natural science researchers using electron microscopy as part of their 
research. The participants included postgraduate research students, post-doctoral 
researchers, early stage researchers and established researchers. It also included 
researchers from a variety of different natural science research fields such as 
materials science, geology and life science. The number of survey respondents was 
46. 
3.12 DATA COLLECTION AND PROCESSING 
The online questionnaire was hosted on the Microscopy Society of Southern Africa’s 
official website at http://www.microscopy.co.za/survey. Results from the survey was 
exported to Microsoft Excel for data manipulation using a purpose written script. The 
questionnaire gathered limited but relevant information related to respondents 
demographics. Questions probing the satisfaction or needs of the respondent were 
designed to use mainly a rating or Likert scale approach with some Dichotomous 
questions included. Respondents were also given an option to provide general 
feedback. The questions asked are given below. Answer choices are given in brackets 
for each question. 
What is your current position? (Post graduate student; Postdoctoral; Academic 
staff; Scientist; Other) 
Level of Study? (Degree; Honours; Masters; Doctoral) 
What is your age? (18-25; 25-35; Older than 35) 
Gender (Male; Female) 
Ethnicity (Black; White; Coloured; Indian; Asian; Other) 
In what field do you conduct your research? (Life Sciences; Materials Sciences) 
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To what extent does electron microscopy play a role in your 
research? (Occasionally; Moderately; Extensively; Exclusively) 
How would you rate your competency in the operation of electron 
microscopes? (Beginner; Intermediate; Competent; Advanced) 
How would you rate your competency in the understanding and interpreting of 
data obtained from electron microscopes? (Beginner; Intermediate; Competent; 
Advanced) 
Have you ever used an electron microscopy facility outside of South Africa? 
(Yes; No) 
What type of electron microscope do you use? (SEM or TEM) 
With reference to South African electron microscopy facilities you have used. 
Please answer the following questions.  
Please rate your overall satisfaction with South African electron microscopy 
facilities you have visited (1 - not satisfied to 5 - very satisfied) 
On average how long did it take for you to access the facilities from requesting 
access? (Within 1 week; Within 2 weeks; Within 3 weeks; Within a month; more than 
a month) 
Are you satisfied with the time it took to access these facilities? (Yes; No) 
Do you feel you were allocated sufficient time at the facility to conduct your 
analysis? (Yes; No) 
What kind of analysis requirements did you have? (Imaging; Spectroscopy; 
Diffraction; Other) 
What level of assistance did you require in planning your analysis on the 
instruments you used? (I did not require assistance; I needed some assistance; I 
needed significant assistance) 
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Were you satisfied with the assistance given to you by representatives of the 
facilities in planning the analysis? (Yes; No) 
How would you rate the overall skills/competency of staff at these facilities 
(Microscope operation, interpretation of data, analysis design etc.) (Not 
Competent; Competent; Knowledgeable; Experts) 
Were you satisfied with the outcome of the analysis you conducted at these 
facilities? (1 - not satisfied to 5 - very satisfied) 
Did you require assistance in analysing and post processing the data obtained 
from your research? (Yes, No) 
Were you satisfied with the level of assistance given to you by representatives 
of these facilities in analysing and post-processing the data you acquired? (1 - 
not satisfied to 5 - very satisfied) 
Was the data you obtained from your analysis in a manageable format? (Yes; 
No) 
How satisfied were you with the costs in using these facilities (microscope cost, 
accommodation, flights etc.)? (1 - not satisfied to 5 - very satisfied) 
Did the outcome of the analysis you conducted at these facilities lead to a 
publication? (Yes; No) 
Do you require training in the operation of electron microscopes and the 
interpretation of data? (Yes; No) 
Are you satisfied with the training opportunities given to you by these facilities 
in the operation of microscopes and interpretation of data? (1 - not satisfied to 5 
- very satisfied) 
Were the representatives of the facilities you used friendly and easy to work 
with? (Yes; No) 
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Do you have any general feedback or comments about electron microscopy 
facilities in South Africa? (Written feedback)   
3.13 HYPOTHESIS TESTING USING A ONE SAMPLE T-TEST 
 
The one sample t-test is a statistical procedure that can be used to determine if a 
sample of observations could have been generated by a process with a specific mean. 
There are two kinds of hypotheses for a one sample t-test. The null hypothesis and 
the alternative hypothesis. The null hypothesis assumes that there is no difference 
between the true mean value and the compared value. The alternative hypothesis 
assumes that a difference exists. The one sample t-test is used to determine which of 
these hypotheses are more likely with reference to the sample data.  
 
The hypotheses are defined as follows: 
• The null hypothesis (H0) assumes that the difference between the true mean (μ) and 
the comparison value (m0) is zero. 
• The two-tailed alternative hypothesis (H1) assumes that the difference between the 
true mean (μ) and the comparison value (m0) is not equal to zero. 
• The upper-tailed alternative hypothesis (H1) assumes that the true mean (μ) of the 
sample is greater than the comparison value (m0). 
• The lower-tailed alternative hypothesis (H1) assumes that the true mean (μ) of the 
sample is less than the comparison value (m0). 
 
The mathematical representations of the null and alternative hypotheses are: 
H0: μ = m0 
H1: μ ≠ m0    (two-tailed) 
H1: μ > m0    (upper-tailed) 
H1: μ < m0    (lower-tailed) 
 
Generally the one sample t-test has four main assumptions: 
 
• The dependent variable must be continuous (interval/ratio). 
• The observations are independent of one another. 
• The dependent variable should be approximately normally distributed. 
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• The dependent variable should not contain any outliers. 
 
The procedure for a one sample t-test can be summed up in four steps. The symbols 
to be used are: 
 
Y = Random sample 
yi = The ith observation in Y 
n  = The sample size 
m0 = The hypothesized value 
ӯ =  The sample mean 
σ = The sample standard deviation 
T = The critical value of a t-distribution with (n − 1) degrees of freedom 
t =  The t-statistic (t-test statistic) for a one sample t-test 
p = The p-value (probability value) for the t-statistic. 
 
 
The four steps are listed below: 
 
1. Calculate the sample mean. 
 
2. Calculate the sample standard deviation. 
 
3. Calculate the test statistic. 
 
 
4. Calculate the probability of observing the test statistic under the null hypothesis. 
This value is obtained by comparing t to a t-distribution with (n − 1) degrees of 
freedom. This can be done by looking up the value in a table, such as those found in 
many statistical textbooks, or with statistical software for more accurate results. 
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p = 2 ⋅ Pr(T > |t|) (two-tailed) 
p = Pr(T > t) (upper-tailed) 
p = Pr(T < t) (lower-tailed) 
 
Once the assumptions have been verified and the calculations are complete it is used 
to determine if the results provide sufficient evidence to favour the alternative 
hypothesis over the null hypothesis. 
3.14 CASE STUDY RESEARCH APPROACH 
Yin (1984) defines the case study research method as an empirical inquiry that 
investigates a contemporary phenomenon within its real-life context; when the 
boundaries between phenomenon and context are not clearly evident; and in which 
multiple sources of evidence are used. A case study research approach lies within the 
paradigm of interpretivism. Therefore, it requires a qualitative research methodology. 
A qualitative case study is a specific research approach that facilitates investigation of 
a phenomenon (the case) in its context (Baxter and Jack, 2008; Collis and Hussey, 
2014). Merriam (1998) suggests that an important step in the process of designing a 
qualitative case study research is by using purposive sampling. This sentiment is 
shared by Yin (2014). By obtaining numerous sources of information, a balanced 
insight with reference to the research question will be obtained. It can also provide 
information about additional factors relating to the research question not known before. 
Consequently, this type of research approach requires careful selection of 
representative cases as the methodology depends on interpretation in a general way. 
(Wahyuni, 2012).  
Yin (2014) finds the following methodological characteristics of a case study as 
relevant:   
• A case study conducts an in-depth analysis of a contemporary phenomenon in 
a real-life context, particularly when the boundaries between phenomenon and 
context are not clearly defined.  
• A case study handles distinctive technical situations in which there will be many 
more variables of input than data points.  
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• A case study benefits from prior developments of theoretical suggestions to 
guide data compilation and evaluation.   
The case study proposition focuses attention on a pertinent area of the study that 
requires investigation (Yin, 2014).  
The main objective of the current research effort is to identify the critical factors that 
lead to the successful operation of a South African electron microscopy core facility. 
The secondary objective is to develop a balance scorecard as a means to measure 
the performance of such facilities. As stated before there exists two perspectives from 
which this can be judged. The one perspective is from the viewpoint of the users or 
customers of such facilities and the other from the managers. The purpose of gaining 
insights from selected cases for the current research effort is to identify the key 
operational factors that contribute toward a successful EMCF as viewed by 
experienced managers of such facilities. Managers act as the bridge between funders 
and users of EMCFs. Funders, typically the government, are interested in seeing a 
return on investment related to an increase in innovation that aids in creating greater 
economic value. Users of core facilities are focussed in obtaining research data in a 
usable way. Frequently a disparity between the motivations of the funders and the 
users in this regard exist. Research and innovation is by nature indeterminate and thus 
research effort will not necessarily relate directly to research output and by extension 
direct economic benefit. Managers of core facilities are tasked to bridge this gap. 
Naturally, the success of this is dependent on the environment in which it occurs. 
Experienced managers will have unique insights with reference to this. 
For this part of the study purposive sampling was used. Participants of the case study 
were selectively chosen and approached to answer a set of standardised questions in 
written form based on the experiences from their current facility. Participants were 
selected within the collaboration network of the researcher of this study.  
For the purpose of this research effort, an exploratory case study method was used. 
An exploratory case study is used to explore certain situations in which the intervention 
being evaluated does not have clear or a single set of outcomes (Baxter and Jack, 
2008). As there are no standardised approaches to the management of research core 
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facilities, in particular the case of electron microscopy core facilities, the responses 
from participants could provide valuable insight of critical factors in this regard. 
3.15 CASE STUDY PARTICIPANTS 
In total six case study respondents were chosen. All the respondents were either 
directors or senior managers within an EMCF. Four of the respondents were involved 
within EMCFs in South Africa and two were senior level managers of electron 
microscopy core facilities from outside of South Africa. The two respondents from 
outside of South Africa did however have extensive experience of the South African 
context and thus could provide a unique perspective. 
3.16 CASE STUDY QUESTIONS 
Exploratory case study research is suitable for resolving ‘how’ and ‘why’ questions in 
relation to the phenomenon under study (Yin, 2014). All participants of the case 
studies were asked to complete in writing answers to a set of the standardised 
questions. The questions were sent to the respondents using email and asked to 
complete within a specified time frame. The questions asked to participants are listed 
below. 
1. In your opinion, what are the critical factors that lead to the successful operation 
of an electron microscopy facility? 
 
2. How should the performance of an electron microscopy facility be evaluated? 
(eg. research output, number of people trained, microscope utilization, patents) 
 
3. What operations philosophy do you believe is best suited in running an electron 
microscopy facility? How should the operation be funded? 
 
4. Converting data into research output and training users require time from staff. 
How would you insure effective utilization of equipment in an electron 
microscopy facility and at the same time deliver on objectives with reference to 
training and research outputs?  
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5. What role do you believe leadership plays in the running of electron microscopy 
research facilities? 
 
6. Please comment on the current state of electron microscopy in South Africa. 
What factors if any do you believe should be focussed on to improve the field 
in South Africa? 
Following the returned and answered questionnaires from participants, the responses 
were analysed and qualitatively compared to determine general trends and themes. 
These were in turn compared to the results of the quantitative portion of the study to 
identify the most critical and overlapping factors associated with the management of 
electron microscopy core facilities. 
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CHAPTER 4 
SURVEY DATA ANALYSIS AND FINDINGS 
4.1 INTRODUCTION 
In the following chapter the processed findings from the quantitative survey conducted 
amongst South African EMCF users are presented. Details are given about 
respondents demographics along with the perceived competency of the participants 
in the field of electron microscopy. Following this, results from the satisfaction and 
needs related questions are presented and a summary of the findings from the survey 
given. 
4.2 SURVEY DEMOGRAPHICS 
The survey questionnaire probed respondent profile characteristics only relevant to 
the research objectives in question. These were the age, gender and ethnicity of the 
respondents. In addition, aspect relating to their professional profile such as education, 
position and field of specialization were also gathered.  
 
Figure 4.1 - Pie chart showing the age related breakdown of survey respondents 
The age of respondents play an important role in judging the relative level of 
experience of participants of the survey. It gives a breakdown of the typical age related 
proportions of EMCF users in South Africa. For this particular study the sample was 
made up of 24% respondents between the ages of 18 and 25 years; 15% older than 
18-25
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35 years and the largest group between the ages of 25 and 35 years at 61% of 
respondents.  
 
Figure 4.2 – Breakdown of the level of education of survey respondents 
The level of education of respondents for the survey was found to be predominantly 
at doctoral or masters level of study with 46% and 43% of respondents respectively. 
The balance was made up of degree and honours level participants. This is not an 
unexpected result as research is typically conducted by individuals with a master’s or 
doctoral level education. A result worth noting is that the split between master level 
researchers and doctoral level researchers from the survey is close to equal. 
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Figure 4.3 - Pie chart indicating education level of survey respondents between ages 
25 and 35 years 
Figure 4.3 shows a chart of the education level for the largest age group of the study, 
that of ages between 25 and 35 years. It is clear that the majority of users of EMCF’s 
in South Africa are early stage researchers with typically less than 10 years of 
experience. A master level qualification typically takes 7 years to complete and a 
doctorate level qualification 9 years. Thus, school leavers at the age of 18 will generally 
not obtain their master or doctoral degree before the age of 25 years. 
 
Figure 4.4 - Professional position held by survey respondents 
Overall, the majority of respondents of the survey were currently involved with 
postgraduate studies at 57% of respondents. 9% held a position of a post-doctoral 
researcher; 17% and 13% that of academic staff member or scientist respectively. 
Thus, it is reasonable to assume as stated earlier that most users of EMCFs in South 
Africa are early stage researchers currently at postgraduate student level.  
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Figure 4.5 - Gender of survey respondents 
 
Figure 4.6 - Ethnic make-up of survey respondents 
The gender of survey respondents were found close to equal with 52% female and 
48% male participants. The ethnic make-up of the group showed the majority of 
respondents to be black followed by white ethic groups. The findings provide a positive 
indication of the diversity of electron microscopy users in South Africa.  
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Figure 4.7 - Field of specialization of survey respondents 
The largest portion of respondents were active in materials science related research 
at 61% with 39% involved in life sciences research as presented in Figure 4.7. 
4.3 COMPETENCY OF RESPONDENTS IN ELECTRON MICROSCOPY 
The questionnaire included a set of questions aimed at probing the perceived level of 
competency of respondents in the field of electron microscopy. An understanding of 
the perceived level of competency in electron microscopy and related activities from 
respondents gave insights regarding the overall needs of electron microscopy users 
in South Africa. 
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Figure 4.8 - The extent to which electron microscopy plays a role in survey 
respondent’s research 
Participants were asked to indicate the extent to which electron microscopy plays a 
role in their research. A significant majority of respondents indicated that electron 
microscopy plays an extensive role in their research activities. Interestingly the largest 
response was not seen for the exclusive use of electron microscopy even though 
respondents were attending a microscopy conference. This is indicative of the fact that 
electron microscopy play a crucial complementary role in a wide variety of research 
fields in combination with other research techniques. 
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Figure 4.9 - Type of electron microscope(s) used by respondents 
In general, electron microscopy consists of two main techniques. One is a scanning 
electron microscopy (SEM) based technique and the other a transmission electron 
microscopy (TEM) based technique. With reference to this 59% of respondents 
indicated that they use both techniques in their research activities. 35% indicated they 
use SEM exclusively and 6% TEM exclusively. The findings indicate that the majority 
of electron microscopy based research utilises both techniques. It is however 
reasonable to assume that the combined use of SEM and TEM indicated by 
respondents will have the same proportional breakdown in their research as the usage 
percentage seen from exclusive use. This has historically been the case in electron 
microscopy based research. Researchers typically underutilize TEM, due to its 
additional technical challenges. Thus the type of electron microscopy utilized the most 
in South Africa is SEM. 
To conduct an electron microscopy based analysis there are two competency factors 
that are taken into account. The first is the competency in the operation of an electron 
microscope. Operating an electron microscope to analyse a material of interest 
requires an understating in the construction and alignment of such instruments. It 
typically requires a strong background in the areas of optics and electromagnetic 
theory. The second competency requires an understanding in interpreting data that 
has been obtained from the analysis. This typically requires a strong background in 
35%
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What type of electron microscope do you use ?
SEM TEM SEM | TEM
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many physics related topics such as crystallography, interaction of electron beams 
with matter, atomic physics and more.  
Overall, the largest portion of respondents indicated that they felt competent in both 
the operation of electron microscopes and interpretation of data from it. This was 
followed by an approximately even spread of respondents indicating they have 
advanced or intermediate knowledge in both regards. 
 
Figure 4.10 - Perceived competency of respondents in the operation of electron 
microscopes 
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Figure 4.11 - Perceived competency of survey respondents in interpreting data from 
electron microscopy analyses 
Survey respondents were asked if they have used a microscopy facility outside of 
South Africa (Figure 4.12). The largest portion of respondents at 78.3% indicated that 
they have not. This may point toward a lack of international exposure and perspective 
in the field of electron microscopy from respondents. 
 
Figure 4.12 - Percentage survey respondents whom have used an electron 
microscopy facility outside of South Africa 
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4.4 SATISFACTION OF RESPONDENTS WITH SOUTH AFRICAN EMCFS 
Participants of the survey where asked several questions to probe their level of 
satisfaction with the experience they had at EMCFs in South Africa. The questions 
used both a rating or Likert scale and dichotomy.  
Table 4.1 shows the responses of participants with reference to the rating or Likert 
scale based questions asked. The table is colour coded with colours indicating specific 
percentage range responses for each rating scale of 1 to 5 (1 reflecting a lower level 
of satisfaction and 5 a higher level). An average rating is also given for each question.   
In general participants of the survey responded positively to all satisfaction based 
questions. Overall respondents felt satisfied with the experiences they had at EMCFs 
in South Africa with an average rating score of 4.2 
Along with this respondents felt most satisfied with the outcome of their analysis at 
these facilities with a 43,48% response of “very satisfied”. Overall, respondents felt 
satisfied with the costs associated in the use of these facilities. However, with this 
particular question the greatest spread in responses were seen. Finally, respondents 
felt satisfied in the training opportunities provided to them by EMCFs in South Africa. 
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Table 4.1 – Rating scale responses by survey respondents related to rating based 
questions 
Question 1 2 3 4 5 AVG 
Please rate your overall 
satisfaction with South 
African electron 
microscopy facilities you 
have visited 
0,00% 2,17% 15,22% 41,30% 41,30% 4.2 
Were you satisfied with 
the outcome of the 
analysis you conducted 
at these facilities? 
4,35% 4,35% 17,39% 30,43% 43,48% 4.0 
How satisfied were you 
with the costs in using 
these facilities 
(microscope cost - 
accommodation - flights 
etc.)? 
0,00% 4,35% 32,61% 32,61% 30,43% 3.9 
Are you satisfied with the 
training opportunities 
given to you by these 
facilities in the operation 
of microscopes and 
interpretation of data? 
2,17% 6,52% 28,26% 23,91% 39,13% 3.9 
 Rating (1 - not satisfied to 5 - very satisfied)  
Scale (Colour code for 
percentage range) 
Minimum    Maximum  
 0%-9% 10%-19% 20%-29% 30% - 39% 40%-50%  
The analysis of responses to dichotomous questions also indicated an overall positive 
trend (Table 4.2). Respondents felt satisfied with all factors relating to time aspects, 
assistance and data management when utilizing EMCFs in South Africa. In addition, 
respondents felt that representatives of these facilities were friendly and easy to work 
with. 
An important factor in judging the success of any analysis conducted in research is if 
the data was used to produce a publication. 60,87% of survey respondents indicated 
they used the data obtained from their analysis at these facilities to produce a 
publication.  
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Table 4.2 – Survey responses to dichotomous questions 
Question YES NO 
Are you satisfied with the time it took to access these facilities? 78,26% 21,74% 
Do you feel you were allocated sufficient time at the facility to conduct your analysis? 86,96% 13,04% 
Were you satisfied with the assistance given to you by representatives of the facilities in planning 
the analysis? 
97,83% 2,17% 
Was the data you obtained from your analysis in a manageable format? 97,83% 2,17% 
Did the outcome of the analysis you conducted at these facilities lead to a publication? 60,87% 39,13% 
Were the representatives of the facilities you used friendly and easy to work with? 93,48% 6,52% 
Average 85,87% 14,13% 
 Minimum Maximum 
To investigate the satisfaction of postgraduate students, the largest group of 
respondents, visiting EMCFs in South Africa the data was segmented to only reflect 
responses for this demographic group (shown in Table 4.3). An overall decline in 
satisfaction ratings are seen. However, the total rating is still positive.  
The most noteworthy declines are seen for the first two questions. Postgraduate 
students seem marginally less satisfied with their experience with South African 
EMCFs as compared to all users. 
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Table 4.3 – Rating scale responses by survey respondents related to rating based 
questions for postgraduate students only 
Question 1 2 3 4 5 AVG 
Please rate your overall 
satisfaction with South 
African electron 
microscopy facilities you 
have visited 
0,00% 3,85% 23,08% 42,31% 30,77% 4.0 
Were you satisfied with 
the outcome of the 
analysis you conducted 
at these facilities?  
7,69% 7,69% 26,92% 23,08% 34,62% 3.7 
How satisfied were you 
with the costs in using 
these facilities 
(microscope cost - 
accommodation - flights 
etc.)? 
0,00% 3,85% 34,62% 26,92% 34,62% 3.9 
Are you satisfied with the 
training opportunities 
given to you by these 
facilities in the operation 
of microscopes and 
interpretation of data? 
3,85% 3,85% 34,62% 23,08% 34,62% 3.8 
 Rating (1 - not satisfied to 5 - very satisfied)  
Scale (Colour code for 
percentage range) 
Minimum    Maximum  
 0%-9% 10%-19% 20%-29% 30% - 39% 40%-50%  
With reference to the segmented view for dichotomous responses of postgraduate 
students, no significant shift in sentiment was observed.  However, it was noticed that 
only 46% of post-graduate students whom have conducted research at a South African 
EMCFs used the data to produce a publication as compared to the 60,9% overall. 
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Table 4.4 – Survey responses to dichotomous questions for postgraduate students 
only 
Question YES NO 
Are you satisfied with the time it took to access these facilities? 65,38% 34,62% 
Do you feel you were allocated sufficient time at the facility to conduct your analysis? 80,77% 19,23% 
Were you satisfied with the assistance given to you by representatives of the facilities in 
planning the analysis? 
96,15% 3,85% 
Was the data you obtained from your analysis in a manageable format? 96,15% 3,85% 
Did the outcome of the analysis you conducted at these facilities lead to a publication? 46,15% 53,85% 
Were the representatives of the facilities you used friendly and easy to work with? 92,31% 7,69% 
Average 79,49% 20,51% 
 Minimum Maximum 
4.5 NEEDS OF EMCF USER IN SOUTH AFRICA 
The survey included questions that related to the functional factors of users visiting 
EMCFs in South Africa. These were factors relating to access of infrastructure and 
expertise, knowledge transfer and training opportunities according to the model 
proposed in Chapter 3. 
The survey findings indicated, that on average, it took the majority of respondents less 
than one week to gain access to electron microscopy core facilities in South Africa, 
with a decreasing percentage occurrence with an increase in time (Figure 4.13). In 
addition, ~87% of respondents felt they were allocated enough time at these facilities 
to conduct their analysis.  Thus, in general respondents did not feel dissatisfied about 
aspects relating to time and access to these facilities. 
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Figure 4.13 - Average time it took for respondents to access EMCFs in South Africa 
When viewing the analysis requirements of respondents (Figure 4.14), the largest 
portion indicated that they only had requirements relating to imaging when visiting 
EMCF’s in South Africa.  The second and third highest demand was for Imaging-
Spectroscopy-Diffraction and Imaging-Spectroscopy type analyses.  
 
Figure 4.14 – Survey response of analysis requirements of EMCFs users in South 
Africa 
With reference to assistance given to researchers and a requirement for expertise, 
over 50% of respondents indicated that they needed some assistance in planning their 
0,00%
5,00%
10,00%
15,00%
20,00%
25,00%
30,00%
35,00%
40,00%
45,00%
Within 1 week Wihin 2 weeks Within 3 weeks Within a month more than a
month
On average how long did it take for you to access 
the facilities from requesting access?
What kind of analysis requirements did you have
Imaging | Spectroscopy |
Other
Imaging
Other
Diffraction
Imaging | Spectroscopy |
Diffraction
Imaging | Spectroscopy
57 
 
experiments. Less indicated they require significant assistance at 19.6% of 
respondents. 23.9% of respondents felt they did not require any assistance. Overall, 
76% of respondents indicated they required some level of assistance when planning 
their experiments (Figure 4.15).   
The data was segmented (not shown) to reflect the point of view of postgraduate 
student respondents only and a tangible change in the findings were observed. Overall 
85% of post-graduate students indicated they required some level of assistance in 
planning their experiments. 
 
Figure 4.15 - The level of assistance required by survey respondents in planning 
their analyses at EMCFs in South Africa 
Tied to the findings of assistance in planning analyses respondents indicated their 
need for post-analysis assistance in processing data as well. Out of all respondents 
52,2% felt they did not require assistance with 47,8% who felt they did. When looked 
at from the perspective of postgraduate students only 61,6% indicated they required 
assistance with 38,4% indicating otherwise, a marked increase in assistance required 
(Figure 4.16).  
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Figure 4.16 - Percentage respondents requiring post-analysis assistance in 
processing the acquired data overall and for postgraduate students only 
On average 63% of respondents felt that the skills/competency of staff members at 
EMCF’s in South Africa is at an expert level with 26% indicating staff members to only 
be knowledgeable and 11% indicating staff members to only be competent. The 
findings are in general positive however a sufficiently large portion (37%) of 
respondents felt that staff member were not at expert level. 
 
Figure 4.17 - Overall rating of South African EMCF staff competency/skills 
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With reference to data management respondents felt that the data they obtained from 
the analyses was given to them in a manageable format with 97,8% of respondents 
indicating this (Figure 4.18). Thus, it is reasonable to assume that data formatting 
cannot be seen as a bottleneck for academic publication of the research results 
obtained. 
 
Figure 4.18 - Percentage respondents who felt the data from their analysis at EMCFs 
in South Africa was in a manageable format 
Overall 60,9% of respondents indicated that they require training in the operation of 
electron microscopes and interpretation of data with 39,1% indicated they did not have 
this requirement. For postgraduate students only 73,1% of respondents indicated that 
they have this need with 26,9% indicating otherwise. These responses are somewhat 
at odds with the findings related to respondents perceived competency in electron 
microscopy operation and interpretation, with the significant majority indicating that 
they are competent. This is particulary interesting with reference to the operation of 
electron microscopes. 
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Figure 4.19 – Training needs of survey respondents in the operation of electron 
microscopes and interpretation of data 
The final question asked related to the ease in working with staff members from 
EMCFs in South Africa. 93% of respondents felt that representatives of EMCF’s in 
South Africa were friendly and easy to work with. 
 
Figure 4.20 - Overall sentiment of respondents toward staff members of EMCFs in 
South Africa 
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4.6 INSIGHTS AND SUMMARY OF SURVEY FINDINGS 
Overall, the survey findings indicate a high level of satisfaction with respondents in 
their experiences with EMCFs in South Africa. With reference to the independent 
variables identified in the conceptual framework of the study, the following key findings 
are evident.  
 Respondents felt satisfied with their ability to access electron microscopy 
infrastructure in South Africa 
 Respondents felt satisfied with the access to expertise in electron microscopy 
they have in South Africa 
 Respondents, in particular postgraduate respondents, indicated a need for 
training in the operation of electron microscopes and interpretation of data from 
electron microscopes 
 Respondents, in particular postgraduate respondents, indicated a need for 
assistance in planning their analyses from facility specialists 
 Postgraduate respondents, indicated a need for assistance in post-processing 
of data from facility specialists 
 Overall respondents felt satisfied with the research environment within South 
African EMCFs 
 The overall research output produced from data acquired at South African 
EMCFs is low with less than 61% of all respondents producing some form of 
publication with the data acquired. In the case of postgraduate students, less 
than 50% indicated the latter.  
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CHAPTER 5 
CASE STUDY DATA ANALYSIS AND FINDINGS 
5.1 INTRODUCTION 
In Chapter 5 the qualitative findings of the case study based interviews with EMCF 
managers are presented. The responses from each participant to 6 standardised 
questions are presented on a per question basis with the overall impression 
summarized for each question. Subsequent to this the outcome of a pattern matching 
approach linking the survey responses to the independent variables from the 
conceptual framework is provided. An overall summary of all responses for all the 
questions is also given. 
5.2 QUALITATIVE FINDINGS 
5.2.1 RESEARCH QUESTION 1 
Question: In your opinion, what are the critical factors that lead to the successful 
operation of an electron microscopy facility? 
Embedded Unit 1 
In many universities and research institutes it is often not too difficult to get funding for 
equipment and even new buildings/refurbishments, as these are one-off expenses. 
Often the hardest thing is to get funding for staff positions, since these are ongoing 
expenses. The irony of this is that while good buildings and good equipment are 
important, without good personnel true value is greatly diminished. I have seen many 
facilities where fine instruments are underutilised or seldom meet their potential due 
to the absence of experienced staff with know-how and high-level skills (greyware) 
needed to make it happen. Staffing here includes both academic and professional 
positions. The academic staff provide the research direction, seek grant/facility funding 
and recruit students, and the professional staff keep the facilities operating, train users, 
develop and apply methods and support the research of the users.  
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The highly specialised nature of electron microscopy facilities requires staff with a very 
eclectic range of expertise which transcends traditional academic training. For 
example an awareness of physics, materials and biological science, expertise in 
vacuum technology, electronics, computer software and hardware, plumbing, machine 
and electrical systems, an ability to trouble-shoot complex control systems, manage 
users’ diverse needs, analyse complex data and write research results/proposals, 
lecturing and presentation skills, abilities to work with external agencies and industry 
groups, business acumen, etc. This skill set is not easy to come by and an inability to 
recruit staff with relevant expertise is not uncommon. Good facilities will nurture and 
develop their own staff over many years. Such staff positions are by their nature 
ongoing, and yet most facilities are constrained to offer only limited fixed-term 
contracts with uncertain futures. An inability to retain such expert staff can be a huge 
setback, particular in smaller facilities, where staff often wear many hats and support 
several instruments/activities.  
In summary, the critical factor in a successful electron microscopy facility is the staff. 
Yes, equipment, buildings, facilities and funding are important, but good staff will 
improvise, collaborate and innovate their way around any shortcomings and will have 
the ability to create solutions where none previously existed. 
Embedded Unit 2 
Management: Taking the large investment institutions are making into account, it is 
important that equipment is kept in top condition and utilised to its fullest potential. 
This includes well-trained, experienced and dedicated operators, maintenance 
contracts to keep equipment in good order and proven management systems including 
operational capacity building 
Embedded Unit 3 
The factors that lead to the successful operation of an EM facility are in my view the 
following:  
 That it is well-equipped with state-of-the-art equipment, which implies that 
updating/replacement of equipment is part of the business plan of the center.  
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 That it is led by an enthusiast for the use of EM on a very broad front and that 
this leader has an international reputation in the area so that he/she can attract 
outstanding staff.  
 That the staff are able and willing either to operate or to instruct users 
(whichever is the more appropriate) in the use of these facilities. 
 That courses are provided by the center so that potential users can understand 
the value of using the facility properly. 
 That the facility needs to be easily accessible with clear training procedures, 
and transparent pricing/charging. 
 That if the facility wants to be at the forefront in electron microscopy, there must 
be research efforts within the center that push the boundaries and limits of 
existing instruments – this ensures that the user facility will remain state of the 
art. 
Embedded Unit 4 
The availability of modern microscopes and supporting infrastructure as well as skilled 
electron microscopy scientists and research funding plus maintenance contracts.  
Embedded Unit 5 
 Suitable equipment 
 Expertise 
 A conducive, stimulating environment (infrastructure and management)  
 Networks with other labs 
5.2.2 SUMMARY OF RESPONSES TO QUESTION 1 
The two main themes identified from the responses of question 1 are that of access to 
infrastructure and access to expertise within the facility. In general, the presence of 
appropriate and high level expertise within EMCFs is seen as the most critical factor 
cited by participants. To a lesser extent the factors of training, knowledge sharing and 
creation of an innovative environment is cited. The general trend seen from responses 
of the expert participants is that with the presence of appropriately skilled staff within 
an EMCF all the other factors will naturally flow from this. In particular, many cited the 
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availability of high-level research equipment as a very important factor but that the 
appropriate utilization of equipment within the facility is even more important.  
5.2.3 RESEARCH QUESTION 2 
Question: How should the performance of an electron microscopy facility be 
evaluated? (eg. research output, number of people trained, microscope 
utilization, patents). 
Embedded Unit 1 
Most academic microscopy facilities define their core mission in terms of the three Rs.  
1. Research Training: teaching users the art and craft of electron microscopy. 
2. Research Services: providing high level research skills to support research projects 
and foster research outcomes. 
3. Research: staff pursue their own programs of research centred on microscopy. 
Smaller facilities tend to focus mostly on 1 and 2. Since microscope centres represent 
a major investment by the university it is essential that such a centre serves the needs 
of the university first and foremost. Metrics for these two activities would include 
number of active users, new users trained, acknowledgements/co-authorships in 
research publications, user-derived income, hours of column time etc. Centres with 
highly advanced/specialised equipment and expertise also have a role in supporting 
users from other institutes, and here the number of external partners, commercial 
clients, external revenue earnt is also important.  
In terms of 3. (Research), invariably academic staff are associated with a microscopy 
facility, due to their expertise and research interests. They may be part of the centre 
staff or they may be elsewhere on campus and simply be an important stakeholder in 
the centre’s operations. Academic staff provide an important stream of microscopy-
centric research students (advanced users) which often make very extensive use of 
microscope facilities and push instruments to their limits. There are of course a cohort 
of more basic casual users who are less focused on microscopy. They may simply 
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wish to do some imaging/analysis to support their materials synthesis or to confirm 
data produced by other means (the major focus of their work). It is important to have 
a good mix of both types of users. If there are too many of the basic user type, then it 
become difficult for the centre to justify upgrades or the acquisition of more advanced 
equipment.  
Clearly centre staff carrying out their own research or collaborating with 
internal/external users will be an important conduit for bringing new users into the 
facility and for improving the quality and depth of research which is done. These 
research outcomes (publications, grant proposals, involvement in large research 
initiatives, hosting high profile visitors, success in attracting funding for new equipment 
or upgrades etc) will be an important contribution to the centre’s performance metrics.  
The mix of metrics used to judge a centre’s performance will depend on the relative 
emphasis placed on activities 1 through 3. In my own centre the key metrics which we 
routinely report are the number of active users, the instrument metrics (availability, 
total hours used, hours devoted to student training), training programs delivered, 
publications – both those from centre staff and those from users which acknowledge 
support from the centre and research grant revenue. 
Embedded Unit 2 
All of the above are important. The core-business of a tertiary institution is the training 
of students to become economically active citizens who will in turn create jobs and pay 
taxes. The cost of education is the state’s investment in the future of its people. 
Embedded Unit 3 
The performance of a centre should be evaluated mainly by its research output, but in 
addition by its ability to update the facilities as and when required. Also, in addition to 
the points listed in the question (i.e., number of people trained, microscope utilization, 
patents) , the performance may also be evaluated in terms of number of users (not 
just those trained), and the amount of research effort ($$$) supported by the facility. 
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Embedded Unit 4 
The typical performance indicators of an EM facility would be dependent on the nature 
of an EM facility, e.g. is it a national facility, regional facility, university or faculty facility? 
In general, performance indicators for international EM facilities would focus on 
research publications in high impact factor journals, novel technique development and 
patents. In South Africa where training and development of historically disadvantaged 
students are priorities, the performance indicators will include requirements for a 
minimum number of students trained and reporting on the race and gender of students 
trained. National facilities funded by government must also report on microscope 
utilization. The performance of a national EM facility in South Africa would therefore 
be evaluated according to the indicators given above. 
Embedded Unit 5 
Evaluation. I think this is highly dependent upon the institution where the facility is 
based. Common to all is seeing that the instrument is utilised as much as possible, 
yet without compromising on 3 above 
In a University environment it would be students supported, papers and theses arising 
from the work performed, awards at conferences. Revenue generated is a bonus, but 
should never be a focus 
At the CSIR, I would say (in decreasing order of priority) utilization, industrial 
engagement, patents and technology demonstrators, papers/students theses arising, 
revenue to support maintenance. 
5.2.4 SUMMARY OF RESPONSES TO QUESTION 2 
The general factors cited by expert respondents for question 2 indicates that the 
appropriate metrics in judging the success of an EMCF lies in it’s training activity, level 
of research output and appropriate utilization of the research equipment in the facility. 
No specific preference of any of these factors could be identified from the responses. 
With reference to training, the amount of training activity is seen to be the governing 
metric. With reference to research output both the quality and quantity is seen as the 
dominant metrics. When it comes to utilization of equipment the amount in time is 
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identified as the predominant metric however, evidence of the link between utilization 
and research output is also cited as important. In general, these factors are seen as 
the basis on which metrics can be identified to measure the success of an EMCF. 
However, the proportions of relevant importance is said to be dependent on the type 
of facility and the environment in which it is placed. 
5.2.5 RESEARCH QUESTION 3 
Question: What operations philosophy do you believe is best suited in running 
an electron microscopy facility? How should the operation be funded? 
Embedded Unit 1 
In all the centres in which I have worked the business model has centred on charging 
users an access fee per hour. This fee (ideally) covers the ongoing operating costs of 
the centre, such as maintenance contracts, consumables, repairs and minor upgrades. 
It does not cover the major expenses of the centre – salaries, building maintenance, 
floor costs etc. Such costs necessarily are covered by central funding from the 
university. This seems to be a very widespread model.  
Users will often complain about costs for access, even though they are paying 
probably 15% of the true cost. I know of one university which used to have this model 
but then changed it so that faculties were charged for a significant fraction of the total 
access cost – which previously had been paid out of central funds. This had a 
disastrous effect on usage, due to faculties pressuring users to reduce their 
microscope hours to help them conserve funds. Ultimately, this was quite self 
defeating in that all the fixed costs remained: staff salaries, microscope depreciation 
and building services and maintenance etc. The key difference was that usage 
plummetted and along with it research outcomes.  
Microscopy centres are a net cost to the university. Once that fact has been accepted, 
then the equation becomes maximising the outputs from the assets for a given cost 
structure. Commercial revenue can help to some very small extent. My own group was 
able to bring in sufficient commercial revenue to cover the operating cost of the two 
TEMs we had – although this was mostly through optical/SEM and materials 
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preparation work, since these techniques are more widely applicable to industrial 
problems. Commercial funding can be a double-edged sword though. Typically, 
commercial clients want everything for nothing, yesterday. Jobs must be realistically 
costed and time spent on commercial activities detracts from the research outcomes. 
The focus will depend on the mission and resourcing of the centre. A centre that is 
crippled by very limited funding, may have to pursue commercial work, simply to keep 
the instruments operating. 
Embedded Unit 2 
To have skilled operators utilizing well-maintained equipment optimizing the return of 
invest. 
Funding should be subsidized to a large extent by the institution without totally 
negating the financial responsibility of the user/client. 
Embedded Unit 3 
The best facilities will combine being a research center and a user facility.  Both roles 
are important. However, the operation philosophy should not be in tablets of stone; 
some users should receive detailed training so that they take away with them the ability 
to better use such facilities, while others should just witness how the information they 
require has been obtained and need not understand all the details. Regarding funding, 
it is impossible for such a facility to be self-sufficient. However, it is reasonable to 
expect the facility to attempt to cover the operational costs from revenue generation. 
This funding should be from many sources; (i) from fees charged for training/use of 
facilities; (ii) from research grants submitted by staff of the centre; (iii) from the mother 
institute, which gains international visibility from a successful centre. 
Embedded Unit 4 
Modern analytical HRTEMs are very expensive to purchase, run and maintain and 
therefore a SA university cannot afford to support a modern national EM facility without 
significant government contributions. Since the income generated by a HRTEM, even 
if industry research is carried out, is not sufficient to cover the costs of the facility, a 
modern and advanced EM facility should ideally be funded as a national facility. 
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Embedded Unit 5 
Entirely self-funding facilities end up failing sooner or later, or become the technical 
"servants" of a larger concern (e.g. drug companies). Top-slicing from a Faculty or 
goverment budget (as is the case in Angus' facility in the UK) would free scientists to 
worry about the science and not accounting. However, we know only too well that this 
is close to Utopia, so at best we try and find a compromise between not charging 
enough to cover consumables or servicing on one hand, and pricing oneself out of the 
market on the other. At the Nanocentre we charge for service costs + consumables 
per hour, based on available day working hours per year with a 10% downtime factor 
built in. 
5.2.6 SUMMARY OF RESPONSES FOR QUESTION 3 
The general opinion of the participants point toward a combined contribution of 
government, the institution in which the facility is hosted and users to ensure sufficient 
access to infrastructure for users of the facility. Most of the respondents argue that the 
capital investment for infrastructure for these facilities should come from government 
or institutional based grants. With reference to operational costs, the respondents felt 
in general that human capital costs should be mostly funded through government or 
institutional support as well but that running costs such as instrument maintenance 
and consumables be recouped by charging a certain user fee for instrument usage to 
users of the facility. However the majority of respondents felt strongly that the price 
point of these user fees not be at a level where it will negatively affect the research 
process. 
5.2.7 RESEARCH QUESTION 4 
Question: Converting data into research output and training users require time 
from staff. How would you insure effective utilization of equipment in an electron 
microscopy facility and at the same time deliver on objectives with reference to 
training and research outputs? 
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Embedded Unit 1 
In my own university the history of electron microscopy was quite poor. Instruments 
were in poor locations. They were badly maintained and there were no formal training 
programs. This led to frequent damage/outages and generally very poor results. With 
the development of new dedicated microscopy centre all instruments were relocated 
to one facility, which has one staff member dedicated to each major instrument. 
Service contracts and regular maintenance by staff have massively improved 
reliability. Formal rigorous training programs including lectures, demonstrations, one-
on-one training, written and practical assessment and formal training for advance work 
and out of hours operations has paid huge dividends. Instruments are no longer 
damaged or misaligned by careless and incompetent users. Instrument performance 
is maintained, and the majority of users are routinely producing high quality data.  
Our business model is to train users to use instruments and to carry out data analysis 
independently. What they do with that data is enitrely up to them. With over 160 regular 
users, it is simply impossible to police their use of data.  
Our centre staff have an open-door policy allowing users to discuss their work with us, 
and seek assistance wherever asked. We always offer to proof articles before 
submission. However, this is seldom, if ever taken up. This is surprising given that 
perhaps 85% of our institute is from a non-native English speaking background.  
One thing which has disturbed me is the number of students who seem completely 
oblivious the requirements of the scientific method. Perhaps for cultural reasons, they 
seem pathologically obsessed with pleasing their supervisor and see nothing wrong in 
blatant cherry picking of data – leading to irreproducible work polluting the literature. 
Cherry picking something is very easy to do with electron microscopy. We cannot 
prevent independent users from doing this. Where centre staff are supporting users 
directly, we refuse to collect data which is unrepresentative of the specimen as a 
whole. In an attempt to address this issue, I am developing some training materials on 
how to do science (in general) within our centre, covering such topics as the scientific 
method, research ethics etc. We also have training programs on techniques, data 
analysis with specific software as a regular lecture series, which is open to all. 
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Embedded Unit 2 
Where possible, users/students should be responsible for generating their data under 
close supervision of staff. When possible and practical, equipment should be available 
24/7 to trained students. Staff should always be responsible for the quality of the data 
produced because that will reflect on the quality of the service being provided. 
Embedded Unit 3 
I would ensure effective utilisation of the equipment by becoming recognised as 
providing excellent service to all customers. During slack periods I would expect the 
permanent staff to be using the facilities to carry out funded research and to be 
producing data upon which future funding cases would be made. 
Embedded Unit 4 
If the national EM facility is required to obtain and process data for external users, and 
train external users, then there should be enough experienced electron microscopists 
employed at the facility to ensure adequate data collection, data processing, 
interpretation of data, publication of results, training and utilization of the microscopes. 
Experience has shown that 2 days of TEM use can require on average up to 3 days 
of data processing and analyses.  
Embedded Unit 5 
The only way to achieve both - in the absence of enough people dedicated to each of 
these activities - is 
 to have a tight system where people's time is booked in advance to fulfill each task 
while someone else hopefully has the spare capacity to step in (such as trained 
independent operators [not necessarily core to the facility?])Very time consuming to 
keep up!! 
delay analysis to only after hours (which requires overtime or shift work) so that the 
instrument is worked uninterruptedly during the day. 
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5.2.8 SUMMARY OF RESEARCH QUESTION 4 
In general, there are two philosophies used by the respondents to answer this 
question. The first is based on a focussed effort of the EMCF to train users in order to 
enable them to acquire and interpreted their data appropriately with minimal 
assistance from facility staff. The second philosophy is based on ensuring the 
availability of enough trained staff to assist in the process of acquiring data and then 
converting it to usable information.  
By following the first approach, the facility has little influence as to how the data 
acquired from their instrumentation is used and has less control over the quality of 
research produced with the data. However, such a philosophy ultimately requires less 
trained staff and could lead to an increase of instrument utilization. 
With following the second philosophy the facility maintains greater influence over the 
use of data as well as form a greater part of the research process. More staff would 
be required but the quality of research should increase and there should be a greater 
link to research output. 
5.2.9 RESEARCH QUESTION 5 
Question: What role do you believe leadership plays in the running of electron 
microscopy research facilities? 
Embedded Unit 1 
No centre can function well in the long-term without good academic leadership. The 
leadership will be responsible for setting the short- and long-terms objectives of the 
centre. They will identify the resources required to make it happen and will negotiate 
with key stake holders to source funding and support. The centre staff are the most 
important asset. The leader will mentor, encourage and support staff to ensure they 
can achieve what has been asked of them.  
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Most centres have very capable staff, and in the absence of a director they will 
continue to function – sometimes for extended periods without ill effect. However, even 
the most competent staff need assistance and support and the occasional nudge or 
guidance to deal with issues and problems. It also needs a champion to ensure 
adequate funding and support from the university. I know of a centre which was without 
a director for nearly two years. For the first year it functioned reasonably well. 
However, staff morale decayed, key staff left, equipment was left in boxes unopened 
and the previously excellent focus on user-needs and outcomes started to fade. 
Despite being a very large university, the centre was left flat footed by new microscopy 
initiatives happening in other local universities, and its users were left struggling with 
insufficient and out of date equipment. 
As well as a focus on the operations of the centre, the leader must have a strategic 
vision for the future needs of the centre/university so that when new techniques and 
funding opportunities arise, the centre and its staff are well placed to take advantage 
of them. 
Embedded Unit 2 
Leadership is the crux to all of the above. The leader should be knowledgeable on a 
wide spectrum of disciplines (Material- and life sciences, engineering, agriculture, cell-
biology, basic physics, etc). 
Embedded Unit 3 
Leadership is absolutely vital (see answer to question #1: “That it is led by an 
enthusiast for the use of EM on a very broad front and that this leader has an 
international reputation in the area so that he/she can attract outstanding staff.”). So, 
leadership at faculty/professorial level is critical if the facility is to be both a research 
facility and a user facility.  If it is just a user facility, then it can operate under the 
guidance of scientific staff. 
 
 
75 
 
Embedded Unit 4 
The success of an EM facility depends on the nature of the research team. While the 
leader is expected to give direction, apply for grants and manage the facility and staff, 
each member of the scientific team is expected to be competent, reliable, dedicated, 
innovative and to contribute towards team building 
Embedded Unit 5 
Leadership demands 
 vision to take activities and service to "the next level" as technology advances,   
 in-depth appreciation of the nature and complexity of tasks carried out by staff 
in the facility, to curb unrealistic demands placed on staff. 
 Strive to reward staff and to keep  them motivated (financially, conferences, 
additional training) 
5.2.10 SUMMARY OF QUESTION 5 
Generally respondent felt that leadership plays an important role in a EMCF. The main 
leadership tasks are to manage funding related activities of the facility as well as 
provide direction in terms of research activities and operational approaches. In 
essence the responses from the participants indicate that the major impact of 
leadership in these facilities are centred around the creation of an environment where 
innovation may occur. 
5.2.11 RESEARCH QUESTION 6 
Question: Please comment on the current state of electron microscopy in South 
Africa. What factors if any do you believe should be focussed on to improve the 
field in South Africa? 
 
 
 
76 
 
Embedded Unit 1 
My experience of microscopy in South Africa spanned May 2011 to March 2013 and 
was limited to NMMU, Wits, UCT and Sasol. Through discussions with colleagues I 
was also aware of developments at some other institutes. Overall, I was impressed. 
The facility at NMMU is world class and within the country as a whole, there seemed 
to be a realisation of the importance of electron microscopy as a key tool in materials 
and biological research. The stagnation in research infrastructure spending in the post-
apartheid years had been swept away and with it new equipment and facilities were 
emerging. However, one of the legacies of the stagnation years was the acute 
shortage of young microscopists with the skill-sets needed to bring such new facilities 
to life. NMMU had done an oustanding job in not only assembling the bricks and mortar 
and microscope columns, but also in developing talented staff and a cohort of students 
who could use the facilities effectively. Sasol’s PhD sponsorship program was also a 
major force for good in developing further young talent and capability around the 
country. Globally, skilled young people have never been more mobile. However, South 
Africa’s very restrictive employment practices mean that recruiting talented post-docs 
to fill capability gaps quickly is extremely difficult. All talent must therefore be sourced 
locally, and that involves a major long-term investment of time and effort to convert a 
green undergraduate into an accomplished post-doctoral professional/scientist. 
Embedded Unit 2 
The upgrading of equipment has shown a steady increase in the last number of years. 
This is mainly because of the increased funding by the state through the NRF. 
However, the availability of operator-posts for training future incumbents at institutional 
level, has not been on par to provide for capacity building. 
Furthermore, the remuneration of such persons is not at a level to attract talented 
candidates. 
 
 
77 
 
Embedded Unit 3 
There is a vibrant, but small, electron microscopy community in SA. The level of 
expertise is in some institutions very high (international standing), but this is not 
generally the case over all tertiary educational establishments. I have noted that some 
institutions have received funding for advanced equipment but this has not been 
accompanied by recruitment of folks with the requisite skill level. The factors that I feel 
should be the point of focus to lead to improvements in electron microscopy in SA are:  
The general effort in SA is clearly limited by funding, and so it is necessary, within 
budgetary constraints, to have focused centers which are well-funded, but which serve 
the community (i.e., crunchy peanut butter rather than smooth peanut butter). 
Therefore, the instruments at these centers should be made available remotely to 
permit easy access by a wide community in the country. This would require high speed 
(bandwidth) internet connectivity between academic institutions, and also national 
laboratories and industrial centers. This is happening in the US and Europe, and 
should happen in SA. 
It is important to address the non-uniformity of expertise across institutions using 
electron microscopy. This could be done by the provision of a series of e-courses, 
covering basics but, importantly, the “do’s” and “don’t’s” regarding intermediate and 
advanced techniques. These e-modules could be developed at the exisiting high level 
centers, and this would, of course, require additional funding from the government. 
The resulting benefit would be worth the effort and the funding. 
The existing centers of excellence appear to have excellent staff, who are working at 
an international level of expertise. There is a strong possibility that international sites 
would regard these scientists and technologists as potential employees. It is extremely 
important that this possible “poaching” does not occur – the folks involved are very 
much required by the existing centers of excellence in SA. [An analogy may be made 
with the situation involving rugby, where european clubs are full of SA players, except 
that the talent pool in rugby is far greater than experts in electron microscopy!]. It is, 
therefore, important that retention packages that would minimize the loss of such 
highly skilled individuals be put in place. 
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Embedded Unit 4 
The establishment of an advanced HRTEM facility in SA took 3 decades to achieve. 
More TEM scientists in materials science have to be trained to an advanced level to 
support the other facilities in SA where new electron microscopes have been installed. 
It is clear that apart from NMMU, the skills of TEM operators at other institutions in SA 
are not yet at the level needed for acceptable academic research. 
Embedded Unit 5 
Some centres like CHRTEM have successfully caught up with the rest of the world, 
but overall I would say "pedestrian" for the rest of the country (perhaps excluding UCT 
tomography?) I would say the focus has to be on continued training but importantly 
with peer review to make sure we do not stay in our warm, fuzzy comfort zone but are 
challenged to do more, and better. 
5.2.12 SUMMARY OF RESEARCH QUESTION 6 
The respondents felt that the current state of electron microscopy in South Africa can 
be characterised as below world standard but with distinct pockets of excellence within 
the country. The overall feel is that this is not due to a lack of infrastructure in the field 
of electron microscopy in South Africa but due to a critical shortage of skills in the field. 
Some of the reasons cited for this are  
 The low number of young scientists in the field due to a lower focus on electron 
microscopy post-apartheid in the country 
 Funding support in terms of staff 
 Difficulty in attracting international talent due to bureaucratic limitations 
Several respondents expressed concern over the retention strategy for currently 
skilled scientists in the field in South Africa. The consensus was to embark on an 
intensive skills developing strategy to address this and that sufficient funding be 
provided for it. 
 
79 
 
5.3 PATTERN MATCHING 
The technique of pattern matching is a common strategy employed to bring dissimilar 
data together with reference to case study research (Yin, 2014). The technique is used 
to identify and compare patterns observed in the data to propositions made from the 
study hypothesis (Almutairi et al., 2014). In the current research these related to the 
factors that were proposed to lead to innovative/effective research presented in 
Chapter 3. Pattern matching techniques enhance, strengthen and contribute to the 
internal validity of the study and result in the confirmation of the propositions (Yin, 
2014). 
Table 5.1 shows the result of matching the trends identified in each question response 
to the hypothesis propositions for each embedded unit. The proportional occurrence 
of a specific proposition within a question response provides insight to the relative 
importance of each proposition. In essence, it provides an overall view of the factors 
relevant to the hypothesis felt most important by respondents when answering.  
Applicable to the conceptual model applied to the current research the factors felt by 
respondents to be most important was that of access to infrastructure and access to 
expertise, followed by training opportunities, knowledge sharing and environment for 
innovation.  
Table 5.1 – Results of linking case study responses to independent variables from the 
conceptual framework using pattern matching 
Proposition Embedded Unit Question 
Access to infrastructure 
(including utilization) 
1 
2 
3 
4 
5 
 
2,3,4,5 
1,3 
1,2,3 
1,2,3 
1,2,3 
 
Access to expertise 1 
2 
3 
1,4,5,6 
1,3,6 
1,4,6 
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4 
5 
 
1,4,5,6 
1,4,6 
 
Training 1 
2 
3 
4 
5 
 
1,2,4 
2 
1,4 
2 
2 
 
Knowledge Sharing(level 
of research output) 
1 
2 
3 
4 
5 
 
2 
 
2,3 
2 
1,2 
 
Environment conducive 
for innovation 
1 
2 
3 
4 
5 
 
5 
5 
1 
 
1, 5 
 
 
5.4 OVERALL INSIGHT FROM RESEARCH QUESTION RESPONSES 
A clear emphasis on the factors relating to access to infrastructure and expertise was 
seen from respondents. Overall, it was felt that a successful management of these two 
factors will lead to an overall successful operation of an EMCF. The reasons for these 
are that the presence of appropriate research infrastructure in combination with 
suitably skilled expertise will naturally lead to an environment conducive for training, 
knowledge sharing and increased innovation to occur. The general sentiment from 
respondents were that funding for infrastructure and human capital lies in the domain 
of government or the institution where the facility is housed and that users should be 
exposed to a limited cost implication to conduct research. Overall, it was felt that the 
funding for human capital development in South Africa is not sufficient and requires 
attention. This is since the average level of electron microscopy based research in 
South Africa was felt to be below world standard. The consensus on the metrics that 
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should be used in evaluating the success of EMCFs was not specific but was argued 
to be related to training activity, research output and instrument utilization. 
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CHAPTER 6 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
6.1 INTRODUCTION 
In the following chapter the overall conclusions from the study are presented. A 
summary of the research conducted is given along with results from hypothesis testing 
done on the quantitative data of the study. Details related to a balanced scorecard, 
developed from the research findings, for measuring the performance of an EMCF is 
presented. Overall conclusions from the research findings are given as well as 
proposed future research. 
6.2 SUMMARY 
Electron microscopy core facilities play an important role globally in providing 
researchers access to sophisticated and expensive electron microscopy research 
infrastructure in an economical way. The case in South Africa is no different. 
The current study is concerned with investigating the important role EMCFs in South 
Africa play in facilitating and advancing innovation. An EMCF constitutes a significant 
capital investment and successful management of the facility is an inherent 
requirement. The success of the facility however is based on the level of impact it has 
on the innovation process nationally, which in turn is dependent on several factors. 
The methodological approach to the study identified five independent variables which 
impact the process of innovation applicable to EMCFs in South Africa. The 
identification was done based on the insights gained through a literature study 
presented in Chapter 2. The variable were access to infrastructure, access to 
expertise, knowledge sharing, access to training and an environment conducive for 
innovation. 
Data was gathered from both user (customer) and manager (shareholder) level to gain 
insight about the current strategic approach in managing these facilities in South 
Africa, the current level of satisfaction amongst users of the facilities and the current 
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needs related to operation of these facilities. The data was gathered using a survey 
as well as case study based questionnaires as presented in Chapter 3. 
The primary question of the study is concerned with identifying the critical factors that 
lead to the successful operation of an EMCF in South Africa. The secondary question 
is concerned with how the success of EMCF in South Africa should be measured or 
determined. 
The primary objective related to this was the identification of the critical factors leading 
to the successful operation of EMCFs in South Africa. The secondary objective aims 
to develop a balanced scorecard which can be used to measure the performance of 
an EMCF in South Africa. Along with this the current level of satisfaction of current 
users of EMCFs in South Africa was probed to gain insight with reference the current 
state of EMCFs in South Africa. 
6.3 TESTING THE HYPOTHESIS 
In chapter 3 a hypothesis regarding the level of satisfaction of EMCF users in South 
Africa was stated for the quantitative part of the study. The hypothesis was stated as  
- Overall, South African electron microscopy core facility users are satisfied with 
their experiences at these facilities 
As part of the survey conducted amongst South African EMCF users, data was 
collected to test this assertion. A one sample t-test approach was followed for 
hypothesis testing. The question asked in the survey however was presented as a 
Likert or rating scale question which generate data that is numerically discrete in 
nature. According to the basic assumption for a one sample t-test this is in 
contradiction to the first assumption that requires a continues numeric data set. De 
Winter and Dodou (2010) however asserts that the use of a t-test for five point Likert 
items yield suitably reliable results for use and thus the testing method was chosen. 
To test the hypothesis the following null hypothesis and alternative hypothesis was 
made: 
H0: μ = 3 
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H1: μ ≠ 3 
The value 3 represents the highest rating for the question asked that would yield a 
negative response. Thus testing this value against the average from the data set 
collected would be sufficient to conclude if survey respondents were satisfied as 
hypothesised. Table 6.1 shows the results from two-tail one sample t-test done on the 
data set using 3 as the test mean and a 95% confidence interval. 
Table 6.1 – Results from the one sample t-test  
Test Mean 3 
Confidence 0,95 
n 46 
Average 4,21 
StDev 0,786 
p - two sided 1,1031E-13 
Upper Confidence 
Interval 4,45 
Lower Confidence 
Interval 3,98 
Reject Null 
Hypothesis because 
p < 0,05 (Means are 
Different)  
The calculation yielded sufficient evidence to reject the null hypothesis in favour of the 
alternative. Thus there is a 95% chance that the average satisfaction levels of EMCF 
users surveyed lies between a rating of 3,98 and 4,45.   
6.4 PROPOSED BALANCED SCORECARD 
The secondary objective of the research project was to develop a balanced scorecard 
that could be used a basis to judge the performance of an electron microscopy core 
facility. From the findings of the study and in line with the conceptual framework 6 
aspects are identified which would contribute usefully to a balanced scorecard. These 
are shown in Table 6.2 along with possible measurable activities to judge the 
effectiveness of each factor within a facility.  The factors identified should be analysed 
from the point of view of both users as well as shareholders. Shareholders are 
interested in optimising innovation but also sustainable governance. Users would like 
these factors to lead enhanced innovation in their research. 
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Table 6.2 – Factors identified for a proposed balanced scorecard with possible 
measurable activities for each 
Independent Factor Measurable Activity 
Access to infrastructure Usable equipment hours, User base  
Access to expertise Scientific staff performance 
Training activity Total training hours (formal and 
informal) 
Environment of and innovation Grants, Quality/Quantity of research 
output 
Knowledge Sharing (Research output) Total amount of research reports, 
Outreach activity 
Administration Financial Health 
Customer Satisfaction Survey 
To develop a usable balanced scorecard each factor identified should be measured in 
a simple and sustainable way and integrated within the operations framework of the 
facility.  
For the factor related to access to infrastructure the main outcome of the measurement 
should reflect a suitable level of access and use of equipment by current and potential 
users of the facility. Thus important aspects are the total usable equipment hours (free 
from maintenance) and the size of the current user base i.e. number of projects.  
To judge the efficacy of a facility’s ability to provide access to expertise the key 
indicators should be the overall scientific staff performance of the facility. Every facility 
should have a staff performance strategy as part of their overall operations strategy. 
The scientific staff performance should be linked to factors that link to their core 
purpose of providing expertise to facility users. This would include factors such as total 
hours worked on user projects, research output, industry reports etc. 
With reference to training activity the most appropriate measure is the total amount of 
time spent on training activity. This would include training through assistance to users 
by staff related to their research projects, formal training sessions, and workshops as 
well as staff training activities. 
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Judging the level of innovation within a facility’s environment in general is quite 
challenging with no direct indicators to measure this. The most appropriate indicators 
would be research output and research grant success. With research output both the 
quality and quantity plays a role as enhanced innovation would lead to an increase in 
both. A suitable measure would be the total quality rating of all published research 
output. For this purpose the associated impact factor of each publication may be 
utilised. The number of active research grants as well as its total value would also be 
an appropriate indicator. Grants are awarded based on rigorous application process 
based on among other aspects the innovativeness of the research. 
Measuring the level of knowledge sharing within a facility is tantamount to measuring 
the level of scientific related communication flowing from and into a facility. 
Measurable activities in this regard would be the number of research reports 
generated for all clients as well as the amount of outreach activity (this includes both 
community outreach and conference and related participation). The amount of 
research reports are selected as indicator in this regard rather than research output 
since the facility has limited control over the use of data after it has been handed to 
the client. 
Finally administration and customer satisfaction may be measure using financial 
reporting and customer surveys respectively. A primary indicator of effective 
administration for the facility is its financial health as shown in financial reports. In the 
case of customer satisfaction an annual user survey is suggested to obtain feedback 
regarding the satisfaction levels of users of the facility.  
6.5 INTERPRETATION AND CONCLUSIONS ABOUT THE RESEARCH PROBLEM 
AND RESEARCH QUESTIONS 
The overall findings from the study indicate a general synergy between the EMCF 
operational insights gained from case study findings and the findings of satisfaction 
level and needs obtained from the survey of existing EMCF users in South Africa. 
The case study findings clearly point toward an emphasis in providing access to 
infrastructure and access to expertise in the management strategy of EMCF managers 
interviewed. The success of this is reflected in the satisfaction based findings of the 
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survey conducted indicating high levels of satisfaction amongst respondents related 
to access to infrastructure and access to expertise at an operational level. 
However, a significant need with reference to knowledge sharing and training activities 
was identified from the survey. The majority of respondents required assistance in 
experimental design as well is interpretation of experimental data and indicated a need 
for training in this regard. A need that might be reflected in the relatively low 
percentage of respondents indicating that they used the data from their analyses at 
EMCFs in a publication. The research findings point toward a system were effective 
gathering of data is facilitated but that utilization of the data still faces significant 
challenges. 
From the findings of the case studies, insights related to the main barrier in providing 
this assistance to EMCF users in South Africa was obtained. The reason cited most 
by respondents were a critical shortage of suitably qualified and experienced scientists 
employed at EMCF in South Africa the facilities. The main reason provided for this 
was a lack of financial support in training and employing of additional instrument 
scientists. 
The combined insights of the survey and case study findings point clearly toward two 
critical factors necessary for the successful operation of an EMCF in South Africa. The 
first and perhaps most important factor is that of access to expertise. EMCF in South 
Africa need a critical mass of suitably skilled and experienced scientists employed as 
instrument scientists to facilitate not only the acquiring of experimental data but also 
the interpretation thereof through either direct involvement of data manipulation or 
indirect by providing suitable training to EMCF users. The results obtained from the 
study provide evidence that such a critical shortage is present within the South African 
context. Aside from this theme being frequently cited in the case study responses there 
is also evidence that support this assertion from the survey findings. In general, 
respondents of the survey indicated a satisfaction with their experience of EMCFs in 
South Africa. The respondents also felt satisfied overall with the level of knowledge 
and expertise of the instrument scientist employed at these facilities. However, the 
survey respondents expressed a clear need for assistance and training. The 
conclusion from this is that users of EMCFs in South Africa have the need due to a 
human resource restriction at EMCFs in the country. 
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The second critical factor identified from the study is that of access to infrastructure. 
The consensus from the findings is that there exists suitable research infrastructure 
relating to electron microscopy in South Africa. There is also a general satisfaction 
relating to accessing of this infrastructure from users. The only concern cited was that 
of ongoing maintenance of this infrastructure and the financial support relating to it.  
The consensus on the metrics that should be used in evaluating the success of EMCF 
obtained from the case study findings was not specific. It was however argued that the 
factors should be related to training activity, research output and instrument utilization. 
From the findings of the survey there are some indication that optimization of these 
factors in a South African context brings with it additional challenges. The evidence 
provided show that there is a great need in South Africa for training in the acquisition 
and interpretation of data obtained from electron microscopes. Respondents of the 
survey rated their competency in understanding of the theory of electron microscopy 
operation and data interpretation as high but at the same time indicated the need for 
assistance and training. Thus, respondents feel confident in their ability to understand 
the relevant concepts but need the opportunity to do so through training. The effect of 
this is seen in the low publication rate from data acquired by respondents of the survey. 
The main barrier to the adequate conversion of data into research output was identified 
earlier and lies with a shortage of experienced and skilled scientist in the field of 
electron microscopy employed at EMCF in South Africa. 
The status of EMCFs in South Africa as interpreted from the research findings is that 
the facilities are effective at facilitating the acquisition of research data through 
appropriate instrument utilization but that the conversion of the data into research 
output is low. The main issue preventing this is a skills shortage in the human resource 
aspect of these facilities. Consequently, the philosophy used to measure the 
performance of EMCFs in South Africa should be cognisant of this. The level to which 
a facility’s performance is judged by training activity, research output and instrument 
utilization is dependent on its human capital capacity and involvement.  
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6.6 SUGGESTIONS FOR FUTURE RESEARCH 
The current study investigated the critical factors that lead to the successful operation 
of EMCFs in South Africa. In general the approach followed in identifying these factors 
could be duplicated to other fields of research similar to electron microscopy within a 
South African context. 
Another factor that could be looked at in more detail is the type of research conducted 
at such institutions in South Africa and how it relates to benefit the country. The level 
of research conducted within the country along with the type of research are important 
factors in deriving a competitive advantage for the country possibly if they are done in 
line with a countries current factor endowments. Future research could investigate 
strategies to quantify the impact of specific research activities on the countries growth 
and economy as well as how to effectively translate research into benefit for the 
country by adjusting the management approach of research facilities. 
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Submission Date What is your current 
position?
What is your 
age?
In what field do 
you conduct your 
research?
To what extent does 
electron microscopy 
play a role in your 
research?
How would you rate 
your competency in the 
operation of electron 
microscopes
How would you rate your 
competency in the 
understanding and 
interpreting of data obtained 
from electron microscopes?
2016/07/21 18:42 Scientist 25-35 Life Sciences Extensively Advanced Advanced
2016/07/25 11:55 Post graduate student 18-25 Life Sciences Extensively Competent Competent
2016/07/25 14:11 Scientist Older than 35 Life Sciences Exclusively Competent Advanced
2016/07/27 8:43 Post graduate student 25-35 Materials Sciences Extensively Competent Competent
2016/07/27 12:03 Post graduate student 18-25 Life Sciences Extensively Beginner Competent
2016/07/27 15:04 Post graduate student 25-35 Materials Sciences Extensively Intermediate Intermediate
2016/07/28 14:18 Other 25-35 Materials Sciences Extensively Competent Competent
2016/07/28 23:12 Postdoctoral Older than 35 Materials Sciences Extensively Intermediate Competent
2016/07/29 13:00 Post graduate student 25-35 Life Sciences Extensively Competent Competent
2016/07/29 15:08 Post graduate student 25-35 Materials Sciences Extensively Intermediate Competent
2016/07/29 15:15 Post graduate student 25-35 Life Sciences Extensively Advanced Competent
2016/07/29 18:18 Post graduate student 18-25 Materials Sciences Extensively Competent Competent
2016/07/31 0:08 Post graduate student 18-25 Materials Sciences Extensively Intermediate Competent
2016/07/31 15:05 Post graduate student 25-35 Materials Sciences Extensively Beginner Intermediate
2016/07/31 16:00 Academic staff Older than 35 Life Sciences Extensively Competent Advanced
2016/07/31 16:46 Post graduate student 25-35 Materials Sciences Extensively Competent Competent
2016/07/31 21:32 Post graduate student 25-35 Life Sciences Moderately Competent Competent
2016/08/02 17:40 Post graduate student 25-35 Materials Sciences Extensively Intermediate Intermediate
2016/08/04 18:45 Scientist 25-35 Materials Sciences Extensively Competent Competent
2016/08/15 16:47 Academic staff Older than 35 Materials Sciences Extensively Advanced Advanced
2016/08/15 20:03 Post graduate student 25-35 Materials Sciences Extensively Competent Competent
2016/08/18 12:15 Post graduate student 25-35 Life Sciences Moderately Intermediate Competent
2016/08/22 16:24 Scientist 25-35 Materials Sciences Extensively Advanced Advanced
2016/08/25 11:57 Post graduate student 18-25 Materials Sciences Extensively Competent Competent
2016/08/25 15:18 Post graduate student 18-25 Materials Sciences Extensively Competent Competent
2016/08/29 9:55 Academic staff 25-35 Materials Sciences Exclusively Advanced Advanced
2016/08/30 11:09 Other 18-25 Materials Sciences Extensively Intermediate Intermediate
2016/08/31 1:36 Post graduate student 25-35 Materials Sciences Extensively Intermediate Intermediate
2016/08/31 12:19 Post graduate student 18-25 Life Sciences Moderately Beginner Beginner
2016/08/31 18:12 Postdoctoral 25-35 Materials Sciences Extensively Competent Competent
2016/08/31 21:13 Post graduate student 25-35 Materials Sciences Extensively Competent Competent
2016/08/31 21:57 Academic staff 25-35 Materials Sciences Extensively Advanced Advanced
2016/08/31 23:55 Post graduate student 25-35 Life Sciences Exclusively Competent Competent
2016/08/31 23:57 Scientist 25-35 Life Sciences Moderately Beginner Beginner
2016/09/01 15:19 Academic staff Older than 35 Life Sciences Moderately Intermediate Competent
2016/09/01 17:07 Academic staff Older than 35 Materials Sciences Moderately Intermediate Competent
2016/09/01 17:30 Academic staff 25-35 Life Sciences Extensively Competent Competent
2016/09/08 15:11 Post graduate student 18-25 Materials Sciences Exclusively Competent Competent
2016/09/10 20:28 Post graduate student 18-25 Life Sciences Exclusively Competent Intermediate
2016/09/29 7:50 Post graduate student 25-35 Life Sciences Extensively Advanced Competent
2016/10/06 11:02 Postdoctoral 25-35 Life Sciences Extensively Beginner Intermediate
2016/10/09 17:42 Scientist 25-35 Materials Sciences Exclusively Advanced Advanced
2016/10/23 20:09 Post graduate student 18-25 Materials Sciences Extensively Intermediate Competent
2016/10/24 15:38 Post graduate student 25-35 Materials Sciences Extensively Beginner Intermediate
2016/10/26 9:59 Postdoctoral 25-35 Life Sciences Extensively Competent Competent
2016/10/31 18:58 Academic staff Older than 35 Materials Sciences Extensively Advanced Advanced
Have you ever 
used an electron 
microscopy 
facility outside of 
South Africa?
What type of 
electron microscope 
do you use ?
Please rate your overall 
satisfaction with South African 
electron microscopy facilities 
you have visited (1 - not satisfied 
to 5 - very satisfied)
Are you satisfied with the 
time it took to access these 
facilities?
Do you feel you were allocated 
sufficient time at the facility to 
conduct your analysis?
How would you rate the 
overall 
skills/competency of 
staff at these facilities 
(Microscope operation -  
interpretation of data -  
analysis design etc.)
Yes SEM | TEM 5 Yes Yes Experts
No SEM 5 Yes Yes Experts
No SEM | TEM 4 Yes Yes Experts
No SEM | TEM 5 Yes Yes Knowledgable
No SEM 4 Yes Yes Experts
No SEM | TEM 3 No No Experts
No SEM 4 Yes Yes Knowledgable
Yes SEM | TEM 5 Yes Yes Experts
No SEM | TEM 5 Yes Yes Experts
No SEM 4 No Yes Experts
No SEM | TEM 5 Yes Yes Experts
No SEM 3 No Yes Competent
No SEM 4 No No Knowledgable
No SEM | TEM 2 No No Competent
No SEM | TEM 5 Yes Yes Experts
No SEM | TEM 5 Yes Yes Knowledgable
No SEM 4 Yes Yes Knowledgable
No SEM 4 No Yes Knowledgable
Yes SEM 4 Yes Yes Competent
Yes TEM 4 Yes Yes Experts
No SEM | TEM 4 Yes Yes Experts
No SEM | TEM 5 Yes Yes Experts
No SEM | TEM 4 Yes Yes Experts
No SEM 3 Yes Yes Competent
No SEM | TEM 4 Yes Yes Experts
Yes SEM | TEM 5 Yes Yes Experts
No SEM 3 Yes No Knowledgable
No SEM | TEM 5 No Yes Knowledgable
No SEM | TEM 4 Yes Yes Experts
Yes SEM | TEM 5 Yes Yes Experts
No SEM | TEM 4 No Yes Experts
Yes SEM | TEM 4 Yes Yes Knowledgable
No SEM 3 No No Experts
Yes SEM 5 Yes Yes Experts
No SEM | TEM 5 Yes Yes Experts
No SEM 5 No Yes Experts
No SEM | TEM 5 Yes Yes Experts
No SEM | TEM 5 Yes Yes Experts
No TEM 4 Yes No Knowledgable
No SEM | TEM 4 Yes Yes Knowledgable
No TEM 5 Yes Yes Experts
No SEM | TEM 4 Yes Yes Experts
Yes SEM 3 Yes Yes Competent
No SEM | TEM 3 Yes Yes Knowledgable
No SEM 5 Yes Yes Experts
Yes SEM | TEM 4 Yes Yes Experts
Were you satisfied 
with the outcome 
of the analysis you 
conducted at these 
facilties? (1 - not 
satisfied to 5 - very 
satisfied)
Did you require 
assistance in 
analyzing and 
post processing 
the data 
obtained from 
your research?
Were you satisfied with the level 
of assistance given to you by 
representatives of these facilities 
in analysing and post-processing 
the data you acquired ?(1 - not 
satisfied to 5 - very satisfied)
Was the data you 
obtained from your 
analysis in a 
manageable format?
How satisfied were 
you with the costs in 
using these 
facilities(microscope 
cost -  
accommodation -  
flights etc.)?(1 - not 
satisfied to 5 - very 
satisfied)
Did the 
outcome of the 
analysis you 
conducted at 
these facilities 
lead to a 
publication?
Are you satisfied with the 
training opportunities given 
to you by these facilities in 
the operation of microscopes 
and interpretation of data ?(1 
- not satisfied to 5 - very 
satisfied)
5 No 5 Yes 5 Yes 5
5 No 3 Yes 5 Yes 5
5 Yes 5 Yes 4 No 4
4 No 3 Yes 5 No 4
5 Yes 5 Yes 5 No 5
3 Yes 3 Yes 3 Yes 1
4 No 4 Yes 4 No 4
4 No 4 Yes 3 Yes 3
5 No 4 Yes 3 Yes 3
5 Yes 4 Yes 4 No 3
5 Yes 5 Yes 4 No 5
3 Yes 2 Yes 4 No 3
3 Yes 1 Yes 4 No 3
2 Yes 1 Yes 3 No 2
5 Yes 5 Yes 5 Yes 5
5 No 5 Yes 5 Yes 5
3 No 2 Yes 3 No 4
4 Yes 3 Yes 3 Yes 3
4 No 4 Yes 3 Yes 2
4 No 5 Yes 4 No 4
5 Yes 5 Yes 3 Yes 5
5 Yes 5 Yes 5 Yes 5
4 Yes 4 Yes 4 Yes 4
4 Yes 5 Yes 4 Yes 3
4 No 3 Yes 4 No 4
5 No 5 Yes 5 Yes 5
3 Yes 4 Yes 3 Yes 3
4 Yes 4 Yes 4 No 4
5 Yes 5 Yes 5 No 5
5 Yes 5 Yes 5 Yes 5
5 No 5 No 3 Yes 5
4 No 3 Yes 3 Yes 5
3 No 3 Yes 5 Yes 4
5 Yes 5 Yes 4 Yes 5
5 No 5 Yes 4 Yes 5
5 No 4 Yes 3 Yes 3
5 No 5 Yes 3 No 4
5 Yes 5 Yes 5 No 5
4 No 4 Yes 5 No 3
5 Yes 4 Yes 3 Yes 3
4 No 4 Yes 2 Yes 3
4 No 5 Yes 4 Yes 5
3 Yes 3 Yes 3 Yes 3
4 No 4 Yes 2 No 4
5 No 5 Yes 5 Yes 5
5 No 4 Yes 4 Yes 2
Were the 
representatives of the 
facilities you used 
friendly and easy to 
work with?
Level of Study? Gender Ethnicity On average how long did it 
take for you to access the 
facilities from requesting 
access?
What kind of analysis requirements did 
you have
Yes Doctoral Male Indian Within 1 week Imaging | Spectroscopy | Other
Yes Masters Female White Within 1 week Imaging
Yes Masters Male White Within 1 week Other
Yes Masters Female Black Within 1 week Imaging
No Honours Female Black Within 1 week Imaging
Yes Masters Male Black Within 3 weeks Diffraction
Yes Masters Male White Within 1 week Imaging | Spectroscopy | Diffraction
Yes Doctoral Male Asian Wihin 2 weeks Imaging | Spectroscopy | Diffraction
Yes Doctoral Female White Wihin 2 weeks Imaging | Spectroscopy
Yes Masters Male Black Wihin 2 weeks Imaging | Spectroscopy | Diffraction
Yes Masters Male Coloured Wihin 2 weeks Imaging | Spectroscopy | Diffraction
Yes Degree Female Black Within a month Imaging
Yes Honours Female Black Within a month Imaging | Spectroscopy | Diffraction
Yes Doctoral Female Coloured more than a month Imaging
Yes Doctoral Female White Within 3 weeks Other
Yes Masters Female White Within 1 week Imaging | Spectroscopy | Diffraction
Yes Masters Male White Within 1 week Imaging
Yes Masters Male Black Within a month Imaging | Spectroscopy | Diffraction
Yes Doctoral Male Coloured Wihin 2 weeks Imaging | Other
Yes Doctoral Female White Wihin 2 weeks Imaging | Spectroscopy | Other
Yes Doctoral Female Black Within 1 week Imaging
Yes Doctoral Male Black Within 1 week Imaging | Spectroscopy
Yes Masters Female Indian Within 3 weeks Imaging | Spectroscopy | Diffraction
Yes Masters Female Black Within 1 week Imaging | Diffraction
Yes Masters Male White Wihin 2 weeks Imaging | Spectroscopy | Other
Yes Doctoral Female Black Within 1 week Imaging | Spectroscopy
Yes Degree Female Indian Within 3 weeks Imaging | Spectroscopy | Other
Yes Masters Male Black Within 3 weeks Imaging
Yes Masters Male Coloured Within 3 weeks Imaging
Yes Doctoral Male Black Within 1 week Imaging | Spectroscopy | Diffraction
Yes Doctoral Female Black more than a month Imaging | Diffraction | Other
Yes Doctoral Male White Within a month Imaging | Spectroscopy | Diffraction | Other
No Masters Male Indian more than a month Imaging | Spectroscopy | Diffraction
No Masters Female White Within 1 week Imaging
Yes Degree Male White Within 3 weeks Imaging
Yes Doctoral Male White Within 3 weeks Imaging | Spectroscopy
Yes Doctoral Female Black Within 1 week Imaging
Yes Doctoral Female White Within 1 week Imaging | Spectroscopy | Diffraction | Other
Yes Masters Female Black Within 1 week Imaging
Yes Doctoral Female White Wihin 2 weeks Imaging | Spectroscopy
Yes Doctoral Male Black Within 1 week Imaging
Yes Doctoral Female White Within 1 week Imaging | Spectroscopy
Yes Masters Female Black Within a month Imaging
Yes Masters Male Black Wihin 2 weeks Imaging | Spectroscopy
Yes Doctoral Female White Wihin 2 weeks Imaging
Yes Doctoral Male Black Wihin 2 weeks Imaging | Spectroscopy | Diffraction
What level of assistance did 
you require in planning your 
analysis on the instruments 
you used?
Were you satisfied with 
the assistance given to you 
by representatives of the 
facilities in planning the 
analysis?
Do you require training in 
the operation of electron 
microscopes and the 
interpretation of data?
I did not require assistance Yes No
I did not require assistance Yes Yes
I needed significant assistance Yes Yes
I needed some assistance Yes No
I needed significant assistance Yes Yes
I needed significant assistance No Yes
I did not require assistance Yes No
I needed some assistance Yes Yes
I needed some assistance Yes No
I needed significant assistance Yes Yes
I needed some assistance Yes Yes
I did not require assistance Yes No
I needed some assistance Yes No
I needed significant assistance Yes Yes
I needed some assistance Yes Yes
I did not require assistance Yes No
I needed some assistance Yes Yes
I needed some assistance Yes Yes
I needed some assistance Yes No
I did not require assistance Yes Yes
I needed some assistance Yes No
I needed some assistance Yes No
I needed some assistance Yes Yes
I did not require assistance Yes Yes
I needed some assistance Yes Yes
I did not require assistance Yes No
I needed some assistance Yes Yes
I needed some assistance Yes Yes
I needed significant assistance Yes Yes
I needed some assistance Yes No
I needed some assistance Yes Yes
I did not require assistance Yes No
I needed some assistance Yes Yes
I needed some assistance Yes Yes
I needed some assistance Yes No
I needed some assistance Yes No
I did not require assistance Yes No
I needed significant assistance Yes Yes
I needed significant assistance Yes Yes
I needed some assistance Yes Yes
I needed some assistance Yes Yes
I did not require assistance Yes No
I needed some assistance Yes Yes
I needed significant assistance Yes Yes
I needed some assistance Yes No
I needed some assistance Yes Yes
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